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ACTIVE MATRIX SUBSTRATE AND MANUFACTURING METHOD THEREFOR 

STATUS RELATING TO THE EARLIER APPLICATIONS 

This application is based on the earlier Japanese patent 
applications No. 11-304683 (filed on October 26, 1999) and No. 
2000-308262 (filed on October 6, 2000), the priority thereof 
under the Paris Convention is claimed. The entire disclosures 
thereof are incorporated herein by reference thereto. 
FIELD OF THE INVENTION 

T h is i n v e n t ion relates general ly to an active matrix I iquid 
crystal display device, particularly, to an active matrix 
substrate and a manufacturing method therefor. More 
particularly, it relates to a channel protection active matrix 
substrate in which a gate electrode, a drain electrode and a 
pixel electrode are isolated from layer to layer and the pixel 
electrode is formed as the topmost layer, and a manufacturing 
method therefor. 
BACKGROUND OF THE INVENTION 

An active matrix liquid crystal display device, employing 
an active element, such as a thin-film transistor, is thin in 
thickness and lightweight, and is utilized as a flat panel 
display of a high picture quality. For a liquid crystal display 
device, a vertical electrical field system (typically formed as 

A 

a twisted nematic or TN system) in which a liquid crystal is 



sandwiched between two substrates carrying transparent 
electrodes and is driven by a voltage applied across these 
electrodes, and a lateral (in-plane) electrical field system in 
which a liquid crystal layer is sandwiched between and driven by 
5 comb-shaped pixel electrodes in which the voltage is applied 
generally along the plane of the electrodes. In both systems, 
researches are conducted towards simplifying the production 
process of an active matrix substrate for lowering the 
production cost. On the other hand, the opening ratio needs to 
10 beraised for achieving a high-grade picture. To this end, such 
a method is used in which a transparent electrode (indium tin 
oxide or ITO) layer and a drain layer are isolated on the layer 
basis and the transparent electrode layer is formed as a topmost 
layer. 

15 In theTN system, a liquid crystal is sandwiched between two 

substrates each of which is provided with a transparent 
electrode- In the lateral electrical field system, also called 
the in-plane switching (IPS) system, a liquid crystal layer is 
sandwiched between two substrates, each of which is provided 

20 with the transparent electrode, with the liquid crystal being 
driven by a voltage applied generally in-plane across a comb- 
shaped pixel electrode and a common electrode formed on one of 
the substrates. 

As a manufacturing method in which the transparent 

25 electrode layer is formed as the topmost layer to simplify and 



diminish the number of steps of the production process, a 
technique shown in JP Patent Kokai J P-A-1 0-68971 is explained 
with reference to Fig. 62, which is a cross-sectional view for 
schematical ly showing the processes of the manufacturing method 
5 for an active matrix substrate for use in a TN system liquid 
crysta I display dev ice. 

I n genera I , the active matrix substrateof the TN system is 
comprised of a gate wiring lines and a drain wiring lines 
extending in a direction perpendicular to each other, a pixel 

10 electrode defined in an area surrounded by these wiring lines, 
and a thin-film transistor (TFT) formed in the vicinity of the 
intersection of the two wiring lines. On the surface of the TFT 
is formed a channel protection fi Im for assuring the performance. 
On the TFT and the pixel electrode on the active matrix 

15 substrate, there is formed an orientation film for orienting the 
liquid crystal in the pre-set direction. A liquid crystal is 
sealed between the active matrix substrate and a counter 
substrate carrying a color filter, a common electrode and an 
orientation film to complete the liquid crystal device. 

20 In this active matrix substrate, a gate electrode metal 

film of, for example, Cr, is deposited on the transparent 
insulating substrate 101, a resist pattern is formed, using a 
first photomask, and the exposed portion of Cr is etched to form 
a gate wiring and a gate electrode layer 102 branched from the 

25 gate wiring, as shown in Fig. 62(a). 
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Then, a gate insulating film 103 of SiNx, ana-Si layer 104, 
a n + type a-Si layer 109, as an ohmic contact layer, and a drain 
electrode layer 106 of e.g., Cr, are deposited in succession, 
after which an unneeded drain electrode layer 106 is selectively 
5 etched, in order to form an opening in the channel area of the 
a-Si layer 104 and a preset wiring pattern, as shown in Fig. 62(b). 
Then, using the drain electrode layer 106 as an etching mask, 
the n+ type a-Si layer 109 is etched to form an ohmic contact 
layer. 

10 Then, a second passi v a tion film 107, such as SiNx, is 

deposited on the entire substrate surface, and the preset areas 
of the second passivation film 107, a-Si layer 104 and the gate 
insulating film 103 are collectively etched using a third 
photomask, to separate the thin-film transistor area, as shown 

15 in Fig. 62 (c) . 

Then, a contact hole for exposing a source/drain electrode 
areas is formed, using a fourth photomask, ITO film 108 is 
deposited on the entire surface of the substrate 101, and the ITO 
f i I m 108 in the preset area is removed, using a fifth photomask, 

20 to form a pixel electrode connected to the source electrode, to 
complete the production of the active matrix substrate, as shown 
in Fig. 62 (d) . 

It is noted that a contact hole exposing the source/drain 
electrode areas is formed in the second passivation film 107. 
25 In this conventional active matrix substrate, the ITO film 



108 is not provided on the same layer as the source/drain 
electrode layer 106, and is insulated and separated by the second 
passivation film 107. So, for insulation and isolation of the 
ITO f i I m 1 0 8 from the drain electrode layer 106, these are not in 
5 need of being separated from each other laterally relative to a 
normal I ine drawn to the active matrix substrate, and hence these 
can be made to approach extremely closely to or even overlap with 
each other. Thus, the black matrix for shielding the 
uncontrolled backlight straying from a gap produced when the ITO 

10 film 108 and the source/drain electrode layer 106 are separated 
from each other can be diminished to elevate the opening ratio. 

This accounts for insuation and separation of the ITO film 108 
and the drain electrode layer 106 from each other by the second 
passivation film 107. 

15 It is noted that the ITO film 108 is insulated and separated 

from each other by the passivation film 107. In this 
conventional method for preparing the active matrix substrate, 
the active matrix substrate can be produced by five masks as the 
transparent electrode layer is formed as the uppermost layer. 

20 SUMMARY OF THE DISCLOSURE 

Various problems have been encountered in the course of 
investigations toward the present invention. 

In the method, shown in the above-mentioned Publication, 
the gate electrode, drain electrode and the pixel electrode of 
25 ITO film are isolated on the layer basis by five masks to produce 



an active matrix subs t rate -car ry i ng a topmost ITO film. There 
is, however, presented a problem that, since the second 
passivation fi Im 107, a-S i layer 104 and the gate insulating fi Im 
103 are etched in a lump at the process step of Fig. 62(c), the 
5 lateral surface of the a-S i layer 104 is exposed without being 
covered by the second passivation film 107. 

■ 

If the lateral surface of the a-S i layer 104 is exposed, it 
is caused to contact the ITO film 108 formed subsequently. 
Moreover, if the active matrix substrate is configured as a 

10 liquid crystal device, the liquid crystal material directly 
contacts the a-S i layer 104. 

If the ITO film 1 08' con t ac t s the lateral surface of the a-S i 
layer 104, not covered by the passivation film, the metal as a 
constituting component of the ITO film 108 is diffused as 

15 impurity into the inside of the a - S i layer 104, thereby 
appreciably deteriorating the performance of the thin-film 
transistor. For evading this problem, the passivation film can 
again be deposited after the step of Fig. 62(c) and before the 
step of Fig. 62(d) to protect the lateral side of the a-Si layer 

20 104 with the passivation film. There is, however, raised a 
problem that deposition of the passivation film a second time 
increases the number of process steps. 

On the other hand, if the ITO film 108 contacts the sidewall 
section of the a-S i layer 104 not covered by the passivation fi Im, 

25 impurities in the liquid crystal material is similarly diffused 



into the a-Si layer 104 to produce a similar phenomenon. 

In general, there is much to be desired in the conventional 
art and it is desired to provide a novel device and method. 
In view of the above-mentioned problem, in an aspect of the 
5 present invention, it is an object thereof to provide an active 
matrix substrate in which an active matrix substrate of the 
channel protection type having a gate electrode, a drain 
electrode and a pixel electrode isolated from one another on the 
layer basis by insulating films can be formed by four masks, and 
10 a manufacturing method for the active matrix substrate. 

In another aspect of the present invention, it is another 
object thereof to provide a channel protection type active 
matrix substrate in which a gate electrode, a drain electrode and 
a pixel electrode are separated from one another on the layer 
15 basis by insulating films to assure superior long-term 
reliability, and a manuf ac tur i ng method therefor. 

Other aspects and objects will become apparent by the 
en t i r e d i sc I osu r e. 

According to the present invention, there is provided in 
20 its first aspect, an active matrix substrate wherein a gate 
electrode layer, a gate insulating layer and an amorphous 
silicon semiconductor layer are deposited in a substantially 
stacked (or laminate) fashion on a transparent insulating 
substrate, ■ v i ewed from a direction normal to the transparent 
25 insulating substrate, to form a layered (stacked laminate) 
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structure, including a gate electrode, a gate wiring (generally 
in the form of lines) and a thin-film transistor area. The 
active matrix substrate includes: a drain wiring formed on a 
first passivation film disposed on the substrate so as to cover 
5 the layered (stacked laminate) structure: There is a second 
passivation film formed as an overlying layer above the drain 
wiring and the first passivation film. There is also formed 
source/drain openings passing through the first passivation 
fi I m and the second passivation fi Im to - reach a amorphous si I icon 
10 semiconductor layer. There is also an opening passing through 
the secondpassivation fi Im to reach the drain wiring connection. 
Further, a wiring (connection) layer extending through the 
aforementioned opening and/or openings is formed, for 

V 

establishing connection, by a pixel electrode film disposed on 

15 the second passivation film. 

The present invention also provides, in its second aspect, 
a vertical electrical field type active matrix substrate wherein 
a gate electrode layer, a gate insulating layer and an amorphous 
silicon semiconductor layer are deposited in a substantially 

20 stacked fashion on a transparent insulating substrate, viewed 
from the direction normal to the transparent insulating 
substrate, to form a layered structure, including a gate 
electrode, a gate wiring (generally of lines) and a thin-film 
transistor area. The substrate includes a drain wiring 

25 (generally of lines) formed on a first passivation film 



(disposed on the substrate and) covering the layered structure. 
There is a second passivation film formed as an overlying layer 
above the drain wiring and the first passivation film. There 
are also formed source/drain open i ngs pass i ng through the first 
passivation film and the second passivation film to reach the 
amorphous silicon semiconductor layer. There is also an 
opening-passing through the second passivation film to reach the 
drain wiring. Further, a wiring layer (connection) connecting 
(extending) through the drain opening to the drain wiring and a 
pixel electrode connected (extending) to the source opening are 
formed by a pixel electrode film disposed on the second 
passivation film. The pixel electrode is provided with a 
storage capacitance unit, comprised of the first and second 
passivation films sandwiched between the pixel electrode and an 
electrode layer formed as a co-layer as the gate electrode. 

Generally, the substrates of the present invention are used 
installed and assembled in an active matrix liquid crystal 
display device. 

The present invention also provides, in its third aspect, a 
novel method for producing an active matrix substrate. The 
method comprises the steps of: 

(a) layering a gate electrode layer, a gate insulating film 
and an a — S i layer in this order on a transparent insulating 
substrate and forming a gate electrode, a gate wiring and a 
thin-film transistor area, using a first mask, 



(b) depositing a first passivation film and a drain 
electrode layer on the gate electrode, and removing the drain 
electrode layer lying in a pre-set area, using a second mask, to 
form a drain wi ring, 
5 (c) depositing a second passivation film above (as an 

overlying layer of) the drain wiring, forming openings at pre- 
set positions in the amorphous silicon semiconductor layer 
passing through the first and second passivation films for 
connection to the source/drain electrodes (i.e., source 

10 electrode/drain electrode), an opening, above the drain wiring, 
passing through the second passivation film, and 

(d) depositing a transparent electrode layer as an 
overlying layer on the second passivation film and on (and 
within) the opening(s), to form a drain wiring connection 

15 connecting to an amorphous silicon layer exposed in the opening 
for the drain electrode, using a fourth mask, and connecting the 
amorphous silicon layer exposed in the opening for the source 
electrode to a pixel electrode comprised of the transparent 
e I ec t rode layer. 

20 Other aspects and features of the present invention are 

disclosed in the appended claims, the entire disclosure thereof 
being incorporated herein by explicit reference thereto. 
BRIEF DESCRIPTION OF THE INVENTION 

Fig.1 is a circuit diagram for an active matrix substrate 

25 for a I iquid crystal display apparatus of the TN system according 



to a first embodiment of the present invention. 

Fig. 2 is a schematic top plan view showing the 
manufacturing process for an active matrix substrate according 
to the first embodiment of the present invention. 

Fig. 3 is a schematic top plan view showing the 
manufacturing process for an active matrix substrate according 
to the first embodiment of the present invention. 

Fig. 4 is a schematic top plan view showing the 
manufacturing process for an active matrix substrate according 
to the first embodiment of the present invention. 

Fig. 5 is a schematic top plan view showing the 
manufacturing process. for anactive matrix substrate according 
to the first embodiment of the present invention. 

Fig. 6 is a cross-sectional view showing the manufacturing 
process for an active matrix substrate according to the first 
embodiment of the present invention. 

Fig. 7 is a cross-sectional view showing the structure of 
a gate terminal unit according to the first embodiment of the 
present invention. 

F i g. 8 is a cross-sectional view showing the structure of 
a drain terminal unit according to the first embodiment of the 
p resen t i nven t i on. 

Fig. 9 is a cross-sectional view showing the structure of 
a storage capacitor unit according to the first. embodiment of 
the present invention. 



I 



Fig. 10 is a cross-sectional view showing the manufacturing 
process for an active matrix substrate according to a second 
embodiment of the present invention. 

Fig. 11 is a first top plan view schematically showing the 
5 manufacturing process of an active matrix substrate according 
to a third embodiment of the present invention. 

Fig. 12 is a second top plan view schematically showing the 
manufacturing process of the active matrix substrate according 
to the third embodiment of the present invention. 
10 F i g. 1 3 is a third top plan view schematically showing the 

manufacturing process of the active matrix substrate according 
to the third embodiment of the present invention. 

Fig. 14 is a fourth top plan view schematically showing the 
manufacturing process of the active matrix substrate according 
15 to the third embodiment of the present invention. 

Fig. 15 is a process diagram schematically showing the 
manufacturing process for the active matrix substrate of the 
third embodiment of the present invention, shown in a cross- 
section taken along line C-C . 
20 F i g. 1 6 is a process diagram schematically showing the 

manufacturing process for a storage capacitor of the active 
matrix substrate of the third embodiment of the present 
invention, shown in a cross-section taken along line D-D'. 

Fig. 17 is a circuit diagram of an active matrix substrate 
25 for a liquid crystal display device of the IP system according 
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to a fourth embodiment of the present invention. 

Fig. 18 is a first top plan view schematically showing the 
manufacturing process for an active matrix substrate according 
to the fourth embodiment of the present invention. 
5 Fig. 19 is a second top plan view schematically showing the 

manufacturing process for an active matrixsubstrate according 
to the fourth embodiment of the present invention. 

Fig. 20 is a third top plan view schematically showing the 
manufacturing process for an active matrix substrate according 
10 to the fourth embodiment of the present invention. 

Fig. 21 is a fourth top plan view schematically showing the 
manufacturing process for an active matrix substrate according 
to the fourth embodiment of the present invention. 

Fig. 22 is a process diagram schematically showing the 
15 manufacturing process for an active matrix substrate according 
to the fourth embodiment of the present invention, in a 
cross-section taken along line E-E'. 

Fig. 23 is a circuit diagram of an active matrix substrate 
for a liquid crystal display device of the TN system according 
20 to a fifth embodiment of the present invention. 

Fig. 24 is a first top plan view schematically showing the 
manufacturing process for an active matrix substrate according 



to a fifth embodiment of the present invention. 

Fig. 25 is a second top plan view schematically showing the 
25 manufacturing process for the active matrix substrate according 



to the fifth embodiment of the present invention. 

Fig. 26 is a third top planview schematically showing the 
manufacturing process for the active matrix substrate according 
to the fifth embodiment of the present invention. 

Fig. 27 is a fourth top plan view schematically showing the 
manufacturing process for the active matrix substrate according 
to the fifth embodiment of the present invention. 

Fig. 28 is a process diagram schematically showing the 
former half of the manufacturing process for a gate bus line and 
a gate electrode of the active matrix substrate according to the 
fifth embodiment of the present invention, shown in a cross- 
section taken along line H-H' . 

Fig. 29 is a process diagram schematically showing the 
latter half of the manufacturing process for a gate bus line and 
a gate electrode of the active matrix substrate according to the 

4 
1 
I 

fifth embodiment of the present invention, shown in a cross- 
section taken along line H-H'. 

r 

Fig. 30 is a process diagram schematically showing the 
manufacturing process- for the active matrix substrate of the 
fifth embodiment of the present invention, shown in a cross- 
section taken along line F-F'. 

Fig. 31 is a process diagram schematically showing the 
manufacturing process for the gate terminal of the active matrix 
substrate of the fifth embodiment of the present invention. 

Fig. 32 is a process diagram schematically showing the 



manufacturing process for the drain terminal of the active 
matrix substrate of the fifth embodiment of the present 
invent i on. 

Fig. 33 is a process diagram schematically showing the 
5 manufacturing process for the storage capacitor of the active 
matrix substrate of the fifth embodiment of the present 
invention, shown in a cross-section taken along line G-G. 

Fig. 34 is a cross-sectional view schematical ly showing the 
structure of a gate drain connection of the active matrix 
10 substrate of the fifth embodiment of the present invention. 

Fig. 35 is a first top plan view showing the manufacturing 
process for an active matrix substrate according to a sixth 
embodiment of the present invention. 

Fig. 36 is a second top plan view showing the manufacturing 
15 process for the active matrix substrate according to the sixth 
embodiment of the present invention. 

Fig. 37 is a third top plan view showing the manufacturing 
process for the active matrix substrate according to the sixth 
embodiment of the present invention. 
20 Fig. 38 is a fourth top plan view showing the manufacturing 

process for the active matrix substrate according to the sixth 
embodiment of the present invention. 

Fig. 39 is a process diagram schematically showing the 
manufacturing process for the active matrix substrate according 
25 to the sixth embodiment of the present invention, shown in a 



cross-section along line l-T. 

Fig. 40 is a process diagram schematically showing the 
manufacturing process for the storage capacitor of the active 
matrix substrate according to the sixth embodiment of the 
5 present invention, shown in a c r os s-sec t i on along line J-J'. 

Fig. 41 is a first top plan view showing the manufacturing 
process for an active matrix substrate according to a seventh 
embodiment of the present invention. 

Fig. 42 is a second top plan view showing the manufacturing 
10 process for the active matrix substrate according to the seventh 
embodiment of the present invention. 

Fig. 43 is a third top plan view showing the manufacturing 
process for the active matrix substrate according to the seventh 
embodiment of the present invention. 
15 F i g. 44 is a fourth top plan view showing the manufacturing 

process for the active matrix substrate according to the seventh 
embodiment of the present invention. 

Fig. 45 is a fifth top plan view showing the manufacturing 
process for the active matrix substrate according to the seventh 
20 embodiment of the present invention. 

Fig. 46 is a sixth top plan view showing the manufacturing 
process for the active matrix substrate according to the seventh 



embodiment of the present invention. 

Fig. 47 is a process diagram schematically showing the 
25 former half of the manufacturing process for the active matrix 
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substrate according to the seventh embodiment of the present 
invention, shown in cross-section along line K-K' . 

Fig. 48 is a process diagram schematically showing the 
latter half of the manufacturing process for the active matrix 
5 substrate according to the seventh embodiment of the present 
invention, shown in cross-section along line K-K'. 

Fig. 49 is a process diagram schematically showing the 
former half of the manufacturing process for the gate terminals 
of the active matrix, substrate according to the seventh 
10 embodiment of the present invention. 

Fig. 50 is a process diagram schematically showing the 
latter half of the manufacturing process for the gate terminals 
of the active ma t r i x su bs t r a t e according to the seventh 
embodiment of thepresent invention. 
15 Fig. 51 is a process diagram schematically showing the 

former half of the manufacturing process for the drain terminals 
15 of the active matrix substrate according to the seventh 
embodiment of the present invention. 



20 latter half of the manufacturing process for the drain terminals 
15 of the active matrix substrate according to the seventh 
embodiment of the present invention. 



Fig. 53 is a process diagram schematically showing the 
former half of the manufacturing process for the storage 
25 capacitor of the active matrix substrate according to the 



F i g. 52 is 



a process diagram schematically show 



i ng the 
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seventh- embodiment of the present " i nvent i on, shown in cross- 
section aj ong line L-L 1 . 

Fig. 54 is a process diagram schematically showing the 
latter half of the manufacturing process for the storage 
5 capacitor of the active matrix substrate according to the 
seventh embodiment of the present invention, shown in cross- 
section a I ong line L-L' . 

Fig. 55 is a schematic cross-sectional view showing the 
structure of a gate-drain connection of the active matrix 
10 substrate according to the seventh embodiment of the present 
i nvent ion. 

Fig. 56 is a circuit diagram of an active matrix substrate 
for a liquid crystal display device according to a ninth 
embodiment of the present invention. 
15 Fig. 57 is a first top plan view schematically showing the 

manufacturing process for the active matrix substrate according 
to the ninth embodiment of the present invention. 

Fig. 58 is a second top plan view schematically showing the 
manufacturing process for the active matrix substrate according 
20 to the ninth embodiment of the present invention. 

Fig. 59 is a third top plan view schematically showing the 
manufacturing process for the active matrix-substrate according 
to the ninth embodiment of the present invention. 

Fig. 60 is a fourth top plan view schematically showing the 
25 manufacturing process for the active matrix substrate according 



to the ninth embodiment of the present invention. 

Fig. 61 is a process diagram schematically showing the 
manufacturing process of the active matrix substrate according 
to the ninth embodiment of the present invention, shown in a 
5 cross-section along line M-M'. 

Fig. 62 is a cross-sectional process diagram schematically 
showing the manufacturing process for a conventional active 
mat r ix substrate. 

Fig. 63 is a detailed circuit diagram for an active matrix 

10 substrate for an IP system according a further embodiment of the 

> 

p r es en t i n ven t i on. 

EXPLANATION OF NUMERALS N 

1, gate bus line 

2, gate electrode A 
15 3, island 

4, drain bus line 

5, contact hole 

6, drain opening 

7, source opening 
20 8, slit 

9, drain electrode 

10, source electrode 

11, pixel elect rode 

12, opening for storage capacitor 
25 13, common electrode 



mm 

xm? vie 
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14, gate terminal 
1 5, dra i n term i na I 

16, transistor unit 

17, liquid crystal 

5 18, storage capacitor 

19, common potential furnishing terminal 

20, color filter layer (color layer) 

21 , b I ack matrix; 

22, protective element; 

10 23, protective bus line (common bus line); 

24, protective terminal (common potential supply terminal); 

101, transparent insulating substrate 

102, gate electrode, layer 

103, gate i nsu I at i ng film 
15 104, a-S i I ay e r 

105, first passivation film 

106, drain electrode layer 

107, second passivation film 
107a, organic inter-layer film 

20 1 08, IT0 

109, n* t ype a-S i I aye r. 

110, capacitance electrode layer (storage capacitance 
electrode); 

111, photores 1st film; 

25 11 2, color filter layer (color layer); 



113, b I ack matrix; 

114, planarizing I ayer. 

PREFERRED EMBODIMENTS OF THE INVENTION 

In an active matrix substrate according to a preferred 
5 embodiment of the present invention, the gate electrode layer, 
gate insulating film and the a-Si layer are processed to the same 
shape to form a gate electrode layer (102 of Fig. 6) and a TFT area, 
and a drain electrode layer (106 of Fig. 6) is formed on a first 
passivation film (105 of Fig. 6) as an overlying layer. In a 

10 second passivation film (107 of Fig. 6) formed as an overlying 
layer of the drain electrode layer 106, there are provided with 
a first opening (through-hole) passing through the first and 
second passivation films and with a second opening passing 
through the second passivation film, and a connection wiring 

15 layer is formed by ITO of the uppermost layer (108 of Fig. 6), 
whilst a storage capacitance unit is provided in a pixel 
electrode for sandwiching the first and second passivation films 
in cooperation with an electrode layer formed as a co-layer as 
the gate elect rode. 

20 An embodiment of the present invention will be explained 

for further illustrating the present invention in detail. 
Embodiment 1 

Referring to Figs. 1 to 9, a channel protection type active 
matrix substrate of the twist nematic (TN) system according to a 
25 first embodiment of the present invention, and a method for 




producing the substrate, are explained. Fig. 1 shows a circuit 
diagram of an active matrix substrate of the first embodiment of 
the present invention and Figs. 2 to 5 are plan views showing the 
active matrix substrate and particularly an extracted pixel. 
5 F i g. 6 is a cross-sectional view showing a map for an active 
matrix substrate and particularly showing the cross-section 
along I i he A-A' in Figs. 2 to 5. F i gs. 7 t o 9 a r e c ross-sec t i ona I 
v i ews, taken a I ong I i ne B-B' in Fig. 2, showing the cross-sect ion 
of a gate terminal, a drain terminal and a gate storage unit. 

V- 

10 The active matrix substrate of the first embodiment is a 

substrate for a liquid crystal display device of the twist 
nematic (TN) system configured for driving the liquid crystal by 
an orientation film provided on the active matrix substrate and 
another orientation film provided on a counter substrate. The 

15 active matrix substrate is such an active matrix substrate in 
which a gate electrode 2, a drain electrode 9 and a pixel 
electrode 11 are separated from one another on the layer basis by 
insulating films (see Fig. 5). An upper surface and a lateral 
surface of an a-Si layer constituting a thin film transistor are 

20 completely coated by first and second passivation fi Ims 105, 107 
operating as channel protection films (see Fig. 6(d)). 

The liquid-crystal is sandwiched between an oriented film 
provided on the active matrix substrate and another oriented 
film provided on the opposite side substrate. 

25 Referring to a circuit diagram of Fig. 1, the active matrix 
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substrate includes plural gate bus lines 1 and plural drain bus 
lines 4, intersecting another on a transparent insulating 
substrate 101, and plural transistors 16 and pixel electrodes 11, 
arranged in the intersecting points. The terminal ends of the 
5 plural gate bus lines 1 and the drain bus lines 4 are arranged in 
a peripheral portion of the transparent insulating substrate 101 
to form gate terminals 14 and drain terminals 15 fed with driving 
signals from outside the substrate. At a corner of the 
transparent insulating substrate 101 is formed a common 

10 potential supplying terminal 19. This common potential 
supplying terminal 19 performs the role of supplying a potential 
to a common electrode 13 provided on the opposite side substrate 
facing an active ma t r i x su bs t r a t e disposed to clamp the liquid 
crystal 17. Between each of transistors 16 and r espec t i ve one 

15 of the neighboring gate bus I ines 1 is formed a storage capacitor 



18. 



That is, Referring to Figs. 5 and 6(d), the active matrix 



substrate of the present embodiment is comprised of a layered 
structure (i.e., laminate or stacked structure), made up of a 
20 gate electrode layer 102, a gate insulating film 103 and an a- 
Si layer 104, formed in a substantially overlapping or stacked 
fashion on a transparent insulating substrate 101, a first 



passivation film 105, formed generally over on the transparent 
insulating substrate 101 for overlying the layered product, a 
25 drain electrode layer 106, formed on the transparent insulating 



substrate 101 in a direction intersecting the layered structure, 
a second passivation film 107 formed on the first passivation 
film 105 for overlying the drain electrode layer 106, a source 
opening 7 and a drain opening 6, formed in the first and second 
5 passivation films 1 05, 1 07 for exposing the a-Si layer 104, a 
contact hole 5 formed in the second passivation film 107 for 
exposing the drain- electrode layer 106, a drain electrode 9, 
formed by a transparent electrode, deposited on the second 
passivation film 107 for electrically connecting one end of the 

10 a-Si layer 104 to the drain electrode layer 106 through drain 
opening 6 and the contact hole 5, a source electrode 10 formed by 
a transparent electrode formed on the second passivation film 
107 for electrically connecting the other end of the a-Si layer 
104 through the source opening 7 and a pixel electrode 11 formed 

15 by a transparent electrode formed on the second passivation fi Im 
107, having its one end connected to the source electrode 10 and 
its other end extending to a gate of the neighboring pixel. 

The layered structure, made up of a gate electrode layer 102, 
a gate insulating film 103 and an a-Si layer 104, formed in a 

20 substantially overlapping fashion, correspond to the gate bus 
lines 1 and to the gate electrode 2. The drain electrode layer 
106 corresponds to the drain bus lines 4. 

Moreover, the active matrix substrate of the present 
embodiment includes plural slits 8, as shown in Fig. 5. the slits 

25 8 are provided in pairs above the gate bus lines 1 on both sides 



of the drain bus lines 4 at a location where the drain bus lines 
4 intersects the gate bus lines 1. Stated differently, the 
slits 8 are formed above the gate bus lines 1 intermediate 
between one end of the pixel electrode 11, extending to above the 
gate electrode layer 102 for defining the storage capacitor 108 
between it and the gate electrode layer 102, and the drain bu 
lines 4. These slits 8 are openings formed in the first and 
second passivation fi Ims 105, 107. The gate insulating fi I m 103 
and the a-Si layer 104 are removed in a location of the layered 
product where these slits 8 are formed. The gate bus lines 1 is 
of a three- I ayered structure comprised of the gate electrode 
layer 102, gate insulating film 103 and the a-Si layer 104 where 
the gate bus I ines 1 intersect the drain bus I ines 4. The' paired 
slits 8, formed on both outer sides of the drain bus lines 4, 
serve to remove the gate insulating film 103 and the a-Si layer 
104 so as to fractionate the a-Si layer 104 into plural shorter 
domains isolated from one another. In the absence of the sl its 8, 
there are produced parasitic transistors to cause malfunction 
By providing the si its 8, no parasitic transistors are produced 
to prevent the malfunction. 

The manufacturing method for the active matrix substrate of 
the present embodiment is explained with reference to Figs. 2 to 
6. First, a gate electrode layer 102 comprised of an underlying 
layer (conductive layer) of e.g., Cr, Ti or Mo and Al, a gate 
i nsu I at i ng f i I m 1 03 of , forexample, SiNx (siliconnitride film) 



and an a- Si layer 104which later becomes a semiconductor layer, 
are sequentially deposited on the transparent insulating 
substrate 101. In producing these films, the gate electrode 
layer 102 is formed by sputtering so that the underlying metal 
5 such as Cr is of a thickness of approximately 50 nm and Al is of 
a thickness of 0. 2 Aim, whilst the gate insulating film 103 and 
the a-Si layer 104 are formed by a plasma CVD method to a 
thickness of 0.5 Aim and to a thickness of 0.3 to 0. 4 At m, 
respect i ve I y. 

10 Then, using a first mask, a resist pattern is formed in an 

area which later becomes a gate electrode 2 and a gate bus line 
1, and the portions of the gate electrode layer 102, gate 
insulating film 103 and the a-Si layer 104, not covered by the 
resist pattern, are removed by dry etching, as shown in Figs. 2 

1 5 and 6 (a) . 

Then, a first passivation film 105, such as SiNx, is formed 
by e.g., a plasma CVD method, whilst an underlying layer of 
metals, such as Ti, Cr or Mo, which later becomes the drain 
electrode layer 106, and a layered film of Al etc, are formed by 

20 e. g. , a plasma CVD method, on the entire surface of a transparent 
insulating substrate 101. Preferably, the film thickness of 
the first passivation film 105 is approximately 0.2 Aim, whilst 
the film thicknesses of the underlying layer of Ti and Al, as 
the drain electrode layer 106, are approximately 50 nm and 0.2 

25 M m, respect i ve I y. 



After the film formation, a resist pattern is formed to 
overlie a drain bus line 4, using a second mask, as shown in 
F i gs. 3 and 6 (b) , wh i I s t an unneeded me t a I layer (part) is removed 
by dry etching, to form a dry buss line 4. 
5 Then, a second passivation film 107 of, for example, Si0 2 , 

is formed by sputtering on the entire surface of the substrate 
101 to a film thickness of the order of 0.2 n m. As for the 
material of the second passivation film 107, such a material is 
to be selected which has a] sufficiently high etch i ng se I ec t i on 

10 ratio with respect to the a-Si layer 104 and a second passivation 
film 107 in order to enable optimum shaping of a contact hole 106 
in the subsequent process. Then, using a third mask, a resist 
pattern having a source opening 7 and a drain opening 6 in an 
upper portion of the a-Si layer 104, slits 8 in the upper portion 

15 of the gate bus line 1 and the contact hole 5 in the upper portion 
of the drain bus line 4, are formed, and the exposed portions of 
the second passivation film 107 and the first passivation film 
105 are removed by dry etching, to form the source opening 7, 
drain opening 8, slits 8 and the contact hole 5, as shown in 

20 F i gs. 4 and 6c 

Then, for forming ohmic connection to the a-Si layer 104, 
the substrate 101 is held in a PH 3 plasma atmosphere and 
phosphorus is diffused into the a-Si layer 104 to form a n + layer 
as a superficial layer. As the processing conditions, a PH 3 /H 2 

25 (0.5% PH 3 ) gas may be supplied at 1000 SCCM, at approximately 



300°C, using a plasma CVD device, and processing may be carried 
out for five minutes at a pressure of 200 Pa and an RF power of 
0. 1 W/cm 2 . 

Then, an ITO film 108, which later becomes a pixel electrode 
5 11, is formed by sputtering on the entire surface of the 
substrate 101 to a thickness of approximately 50 nm. Using a 
fourth mask, unneeded part of the ITO film 108 is wet-etched, to 
interconnect a source electrode 10 and the pixel electrode 11, as 
well as to interconnect a drain electrode 9 and the drain bus line 
10 4, as shown in Figs. 5 and 6d. Although the ITO film 108 is used 
in the present embodiment as the pixel electrode, it is also 
possible to use ZnO, in place of Sn of ZnO or ITO, in place of 
using the ITO f i Im 108. 

Final ly, the a-Si layer 104 and the gate insulating fi Im 103 
15 are removed by dry etching, using the ITO film 108 as a mask, to 
prepare an active matrix substrate configured as shown in 
Fig. 6 d . 

The I TO film 108 is used as an etching mask. In removing the 
a-Si layer 104 and the gate insulating film 103, the first 

20 passivation fi Im 105 and the second passivation fi Im 107 are also 
(selectively) removed according to a mask pattern. In the si its 
8, the exposed first passivation film 105, second passivation 
film 107, a-Si layer 104 and the gate insulating film 103 are 
removed to separate the a — S i layer 104 on the TFT basis. 

25 If the present manufacturing method is used, the gate 



! 



terminals 14, drain terminals 15 and the storage capacitor 18, 

r 

shown in the circuit d i agr am of Fig. 1, are of the structure shown 
in Figs. 7 to 9. Meanwhile, (a) to (d) of Figs. 7 to 9 show 

■ 

cross-sections (B-B' of Fig. 2) in the steps of Figs. 6(a) to (d). 
5 As for the gate terminals 14, the a-Si layer 104 of the 

layered structure is exposed, as shown in Fig. 7(c), when the 
surface of the a-Si layer 104 is exposed in the process shown in 
Fig. 6(c). The I TO film 108 isdeposited, such as by sputtering, 
on the entire surface' of the transparent insulating substrate 

10 101. The IT0 film 108, formed on the gate terminals 14, is 
removed by wet etching, using the aforementioned fourth mask. 

Subsequently when the dry etching is performed, using the ITO 
film 108, shown in Fig. 6(d), the a-Si layer 104 and the gate 
insulating film 103 are removed by dry etching, in the gate 

15 terminals 14, as shown in Fig. 7(d), to expose the underlying gate 
electrode layer 102 to complete the gate terminals 14. Meanwhi le, 
since there is no ITO film 108 in the vicinity of the gate 
terminals 14, during this dry etching, the second passivation 
film 107 also is reducedin fi Im thickness under the effect of dry 

20 etching. 

As for the drain terminals 15, when the surface of the a- 
Si layer 104 of the layered product is exposed, the drain 
electrode layer 106 is exposed, as shown in Fig. 8(c). The ITO 
film 108 then is deposited, such as by sputtering, on the entire 
25 surface of the transparent insulating substrate 101. With the 
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use of the fourth mask, there is left in the drain terminals 15 
the ITO film 108 connected to the drain electrode layer 106 
through the opening. When dry etching is then performed, using 
the ITO film 108 shown in Fig. 6(d) as a mask, the second 
5 passivation film 107, where there is formed no ITO film 108 in the 
peripheral part of the drain terminals 15, is dry etched and thus 
reduced in film thickness, as shown in Fig. 8(d). This completes 
the drain terminals 15, as shown in Fig. 8(d). 

As for the storage capacitor 18, the ITO film 108 is formed, 

10 such as by sputtering, on the entire surface of the transparent 
insulating substrate 101, following the process shown in 
Fig. 9(c). Using the fourth mask, unneeded portions of the ITO 
film 108 is' removed by wet etching, whereby a pixel electrode 11 
is formed for extending at its one end to above the gate electrode 

15 layer 102 of the layered product. If dry etching then is 
performed, using the ITO film 108 shown in Fig. 6(d) as a mask, the 
second passivation film 107 between the neighboring pixel 
electrodes 11 is subjected to the effect of dry etching and 
thereby reduced in film thickness, as shown in Fig. 9(c). In 

20 this manner, there is produced in the storage capacitor 18 such 
a structure in which the first and second passivation films 105, 
107 sandwiched between the gate electrode layer 102 and the ITO 
film 108 operating as a storage capacitance electrode 
(capacitance electrode layer). 

25 In this manner, <the active matrix substrate) of the 



present embodiment includes a I aye red's t rue tu re (product) of the 
gate electrode layer 102, gate insulating film 103 and the a - S i 
layer 104, deposited in a substantially stacked fashion on the 
transparent insulating substrate 101. And it is produced by 
5 forming the first passivation film 105 on the transparent 
insulating substrate 101 for overlying the layered structure, 
forming the drain electrode layer 106 on the first passivation 
film 105, forming the second passivation film 107 on the first 
passivation fi Im 105 for overlying the drain electrode layer 106, 

10 forming the source opening 7 and the drain opening 6 in the first 
and second passivation films 105, 107 for exposing the a- Si layer 
104, forming the source electrode 10 on the second passivation 
film 107 so as to be electrically connected to the other end of 
the a-Si layer 104 through the source opening 7, and by forming 

15 the pixel electrodes 11 on the second passivation film 107 so 
that one ends thereof are formed integrally with the source 
electrode 10. So, there can be realized an active matrix 
substrate in which the gate electrode 2, drain electrode 9 and 
the pixel electrode 11 are separated from one another on the 

20 layer basis, and in which the surface and sidewall sections of 
the a-Si layer 104 of the layered structure are covered by the 
first and second passivation films 105, 107. This prevents the 
I TO film from contacting the lateral side of the a-Si layer 104 
while improving the long-term reliability of the thin film 

25 transistor and active matrix substrate into which this thin film 



transistor is realized. Moreover, if the active matrix 
substrate is arranged as a liquid crystal display device, it is 
possible to prevent the a-Si layer from contacting the liquid 
crystal material. 
5 In addition, in the manufacturing method for the active 

matrix substrate of the present embodiment, a layered structure 
(product) of the gate electrode layer 102, gate insulating film 
103 and the a-Si layer 104 is formed and is covered by the first 
passivation film 105, the drain electrode layer 106 is deposited 

10 on the first passivation- f i I m 105, the second passivation film 
107 is deposited to cover the drain-electrode layer 106 and the 
first passivation film 105, the source opening 7 and the drain 
opening 6 for exposing the a-Si layer 104 are formed in the first 
and second passivation films 105, 107, the source electrode 10 

15 electrically connected to the opposite end of the a-Si layer 104 
through the source opening 7 is provided on the second 
passivation film 107 and the pixel electrodes 11 having one 
ends connected integrally to the source electrode 10 are 
provided on the second passivation film 107. 

20 In the manufacturingmethod for the activematrix substrate 

of the present embodiment, there may be formed a channel 
protection type active matrix substrate in which the gate 

v. 

electrode 2, drain electrode 9 and the pixel electrode 11 are 
separated on the layer basis by respective insulating films, 
25 whilst the surface and the sidewall of the a-Si layer 104 are 



1 



completely covered by the first passivation film 105 and the 

< 

second passivation film 107 by merely four masks. So, the 
production method may be simpl ified by at least one PR process as 
compared to the conventional manufacturing process. 
5 If the manufacturing method of the preferred embodiment is 

used, the structures of a gate terminal 14, a drain terminal 15 
and a storage capacitor 18 are as shown in Figs. 7, 8 and 9, 
respectively. It is noted that (a) to (d) of Figs. 7 to 9 show 
cross-sections in the same process steps as those of Figs. 6(a) to 

10 (d), respectively. 

The reason the gate terminal 14, drain terminal 15 and the 
storage capacitor 18 are configured as shown is that the first 
passivation film 105, second passivation film 107, the a - S i 
layer 104 and the gate insulating film 103 have been removed in 

15 the process of Fig. 6d, with the IT0 film 108 as an etching mask. 
The gate terminal unit 104 is formed by an exposed portion of the 
gate electrode layer 102, whilst the drain terminal 15 is 
comprised of the IT0 film 108 layered on the drain electrode 
layer 106. The storage capacitor 18 is comprised of the first 

20 and second passivation films 105, 107 sandwiched between the 
gate electrode layer 102 and the IT0 film 108 operating as a 
storage capacity electrode. On the other hand, the a-Si layer 
104 is separated on the TFT basis by a si it 8 provided in the gate 
bus line 1. It is noted that a common potential furnishing 

25 terminal 19 for furnishing the common potential to a common 
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electrode 13 of the liquid crystal may be manufactured to be of 
the same structure as the gate terminal 14 or the drain terminal 
15. 

Embodiment 2 

5 Referring to Fig. 10, a channel protection type active 

matrix substrate according to a second embodiment of the present 
invention will be explained with reference' to Fig. 10, which is a 
cross-sectional view along line A-A' in Figs. 2 to 5, for 
i I I us t ra t i ng the manufacturing process of the active matrix 
10 substrate. It is noted that the difference of the present 
second embodiment and the above-described first embodiment 
resides in that an organic interlayer film 107a is deposited on 
the second passivation film 107 operating as a channel 
protection film to further flatten out the substrate 

i 

15 simultaneously. In other respects, for example, in material 
types, film thicknesses or the manufacturing methods, the second 
embodiment is similar to the above-described first embodiment. 

The manufacturing method of the active matrix substrate of 
the p resen t second embod i men t i s now exp I a i ned. First, the gate 

20 electrode layer 102, comprised of deposited Ti or A I , the gate 
insulating film 103 of e.g., SiNx, and the a - S i layer 104, 
operating as a semiconductor layer, are sequentially deposited 
on a transparent insulating substrate 101 of, e.g., glass, as in 
the first embodiment. Then, using a first mask, the gate 

t 

25 electrode 2 and the gate bus line 1 are formed, using the first 



mask, as shown i n F i g. 1 0 (a) . 

It is noted that such formation of the gate bus I ines 1 means 
forming the layered product comprised of the gate electrode 
layer 102, gate insulating film 103 and the a-Si layer 104, 
5 operating as the gate bus lines 1. 

Then, the first passivation film 105 of e.g., SiNx, is 
formed by the plasma CVD method, and an underlying layer of e. g. , 
Ti, Cr or Mo, operating as a drain electrode layer 106, and a 
layered fi Im of Al, are formed by e. g. , sputtering, on the entire 

10 surface of the transparent insulating substrate 101. Then, 
using a second mask, metal layers other than the drain bus line 
4 are removed by e.g., dry etching, as shown in Fig. 10b. The 
second passivation film 107 of e. g. , Si0 2 then is formed on the 
entire substrate surface. 

15 In the first embodiment, the second passivation film 107 is 

formed to a f i I m t h i ckness of 0.2 Mm as a film thickness 
necessary for channel protection. The present second 
embodiment features depositing an organic inter-layer film 107a 
on the second passivation film 107 to achieve substrate 

20 p I anar i za t i on simultaneously. 

The organic inter-layer film 107a is formed of, for example, 
acrylic resin, BCB (benzocy c I obu t ene) or polyimide. By 
depositing this organic material to a thickness of the order of 
0.2 to 1.0 Mm, the substrate can be planarized, as shown in 

25 Fig. 10(c). By providing this organic inter-layer film 107a, it 



is possible to evade the problem of the liquid crystal 
orientation state becoming non-uniform due to TFT step 
difference. 

That is, by providing the organic inter-layer film 107a, it 
5 is possible to diminish the TFT step difference to render the 
state of liquid crystal orientation more uniform. 

As -other methods for p I anar i zat i on, there are such a method 
in which film forming conditions, such as film forming rate or 
temperature, for Si0 2 of the second passivation film 107, to form 
10 a film of a coarse, film quality, and a method in which dual coarse 
, S i 0 2 films are formed on a dense Si0 2 film. 

In changing the film forming rate of Si0 2 , the usual film 
forming rate of the order of 100 nm/min may be enlarged to the 
order of 200 nm/min for p I anar i zat i on. By increasing the film 
15 forming rate in this manner, it is possible to shorten the film 
forming time'. 

If the function as the insulating film is lowered due to 
coarsened Si0 2 film quality, it is possible to deposit a dense 
SiNx film on the underlying layer at a usual film forming rate to 
20 approximately 0.1 ix m to increase the film forming rate 
subsequently to deposit the film by approximately 1 urn to 
achieve the functions of both channel protection and 
p I anar i zat i on. 

Then, using a third mask, a source opening 7 in the upper 

* 

25 portion of the a - S i layer 104, a drain opening 6 are formed, 



whilst a pre- set contact hole 5 is formed in each of the gate, bus 
line 1 and the drain bus line 4, as shown in Fig. 10(c). For 
realizing ohm i c connection to the a-Si layer 104, phosphorous is 
diffused in a PH 3 plasma atmosphere into the a-Si layer 104 to 
5 deposit an n* layer as its surface layer. The ITO film 108, 
which later becomes the pixel electrode 11, is then deposited on 
the entire surface of the substrate 101 and, using a fourth mask, 
the source electrode 10 is connected to the pixel electrode 11, 
while the drain electrode 9 is connected to the drain bus line 4, 
10 as shown i n F i g. 1 0 (d) . 

Final I y, the a-Si layer 1 04- and the gate insulating fi Im 103 
are removed on dry etching, using the ITO film 108 as a mask, to 
complete the active matrix substrate configured as shown in 
Fig. 10 (d) 

15 With the manufacturingmethod of the present embodiment, as 

described above it is possible. to assure protection of the a-Si 
layer 104 further, and to reduce the step difference of the thin 
fi Im transistors. By reducing the step difference to planarize 
the substrate, the substrate separation from the counter' 

20 substrate can be made uniform to provide for a uniform 
orientation state of the liquid crystal sandwiched between the 
substrates. 

Moreover, in the active matrix substrate of the present 
embodiment, since the organic inter-layer film 107a which 
25 planarizes the substrate 107 is deposited on the second 



passivation film 107, the a-Si layer 104 can be protected more 
reliably than in the first 'embodiment. 

Moreover, in the manufacturing method of the present 
embodiment, since there can be realized a channel protected type 
active matrix substrate is provided in which the gate electrode 
2, drain electrode 9 and the pixel electrodes 11 are separated on 
the layer basis solely by the insulating films with four masks 
and in which the surface and the sidewall sections of the a-Si 
layer 104 are completely covered by the first and second 
passivation films 105, 107 and the organic inter-layer film 107a, 
the process can be simplified at least one PR as compared to the 
case of the conventional manufacturing method. 
Embod i men t 3 

Referring to Figs. 11 to 16, an active matrix substrate 
according to a third embodiment of the present invention and the 
manufacturing method therefor are explained. Figs. 11 t o 1 4 are 
top plan views showing the manufacturing process for the active 
matrix substrate and particularly an extracted pixel. F i g. 1 5 
is a cross-sectional view showing the manufacturing process for 
the active matrix substrate of the third embodiment and 
particularly showing the cross-section along line C-C in 
Figs. 11 to 14. Fig. 16 is a cross-sectional view, taken along 
line D-D' in Fig. 11, showing a gate storage unit of an active 
matrix substrate of the third embodiment. 

The present third embodiment differs from the above- 



described first embodiment in that metal which later becomes the 
capacitance electrode layer 110 is deposited via a first 
passivation fi Im 105 at a pre-set position on the gate bus line 

V 

(see Fig. 12) to increase the capacity of the storage capacitor 18, 
5 and is otherwise the same in structure as the above-described 
first embodiment. 

Referring to Figs. 11 to 15, the manufactur ing method for an 
, active matrix substrate of a vertical electrical field (TN) 
system is explained. First, a gate electrode layer 102, 

10 comprised of underlying metal layers of Cr, Ti or Mo, and an Al 
layer, a gate insulating film 103 of, for example, SiNx, and an 
a-Si layer 104, as a semiconductor layer, are sequentially 
deposited on a transparent insulating substrate 101 of e.g., 
glass. Then, using a first mask, the gate electrode 2 and the 

15 gate bus line 1 are formed, as shown in Figs. 11 and 15(a). 

Then, a first passivation film 105 of, for example, SiNx, 
under I y i ng me ta I layers of, for example, Ti, Cr or Mo, and a 
layered film of, for example, Al, which later becomes the drain 
electrode layer 106, are deposited sequentially on the entire 

20 surface of the transparent insulating substrate 101. Then, 
using a second mask, a drain bus line 4 is formed, as shown in 
Figs. 12 and 15(b). The present embodiment features employing 
this drain electrode layer 106 as a storage capacity electrode of 
the storage capacitor 18 to improve the capacity. 

25 It is noted that forming the drain bus lines 4means forming 
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the drain electrode layer 106 operating as the drain bus lines 4. 
In the present embodiment, the capacitance electrode layer 110 
is deposited above the gate bus lines 1 located between the 
neighboring drain bus lines 4 simultaneously with formation of 
5 the drain electrode layer 106. This capacitance electrode 
layer 110 operates as the storage capacitance electrode of the 
storage capac i tor 18 formed between it and the gate electrode 
layer 102. 

Then, a second passivation film 107 of, for example, Si0 z , 
10 is formed on the entire surface of the substrate 101 and, using 
a third mask, the source and drain openings 7, 6 in the upper 
portions of the a~Si layer 104, slits 8 in the upper portions of 
the gate bus lines 1, a contact hole 5 in the upper portion of the 
drain bus line 4 a n d an opening 121 for storage capacitor in the 
15 upper portion of the storage capacity electrode 110, are formed, 

as shown in Figs. 13 and 15(c). For ach i e v i ng ohm i c connection 
to the a - S i layer 104, phosphorous is diffused into the a ~ S i 
layer 104 in the PH 3 plasma atmosphere to form a n + layer on the 
surface of the a - S i layer 104. 
20 Then, an IT0 film 108, which later becomes the pixel 

electrode 11, is deposited on the entire surface of the substrate 

r 

101 and, using a fourth mask, the source electrode 10 is 
connected to the pixel electrode 11, while the drain electrode 9 
is connected to the drain bus line 4 and a connection line to the 
25 storage capacity electrode is formed, as shown in Figs. 14 and 



15(d). Using the ITO film 108 as a mask, the a-Si layer 104 and 
the gate insulating film 103 are etched off to complete the 
active matrix substrate configured as shown in Fig. 15(d). 

The capacitance electrode layer 110 and the pixel 
5 electrodes 11 are interconnected via an, opening for storage 
capacitor 12. The a - S i layer 104 and the gate insulating film 
103 are etched off in the present embodiment at the time of 
etching to separate the a-Si layer 104 on the layer basis. 

The storage capacitor 18 prepared by the method of the 
10 present embodiment is configured as shown in Fig. 16. The reason 
this is achieved is that the drain electrode layer 106 is left in 
the area of the storage capacitor 18 in the process of Fig. 15 (b). 

Since only thefirst passivation film 105 is sandwiched between 
the gate electrode layer 102 and the storage capacity electrode 
15 110, the storage capacity may be increased as compared to that of 
the above-de-scribed first embodiment. 

It is noted that the step of Fig. 15(b) is the process of 
forming the drain electrode layer 106, and that, in the present 
embodiment, the distance between opposing electrodes can be 
20 shorter than that in the first embodiment. 

In the above-described manufacturing method for the active 
matrix substrate of the present embodiment, the gate electrode 
layer 102, drain electrode layer 106 and the pixel electrode 11 
are separated from layer to layer solely by four masks to rea I i ze 
25 a channel protection type active matrix substrate in which the 



ITO film 108 is mounted as an uppermost layer, thus simplifying 
the manufacturing process at least by one PR as compared to the 
conventional manufacturingprocess. 

Moreover, the capacitance electrode layer 110 is formed 
5 simultaneously with the step of forming the drain electrode 
layer 106, whilst the opening for storage capacity 12 
interconnecting the capacitance electrode layer 110 and the 
pixel electrodes 11 is formed simultaneously with the step of 
forming the source opening 7 and the drain opening 6, the storage 
10 capacitance of the storage capacitor 18 can be larger than in the 
first embodiment, subject to change in the mask pattern, without 
increasing the number of masks. 

Moreover, the film thickness of the first or second 
passivation film may be increased, the film forming conditions 
15 for S i 0 2 may be suitably changed, or films of different film 
quality may be layered together for substrate planarization. 

The organic inter-layer film may also be effective to 
i mp rove planarization. 
Embodiment 4 

20 Referring to Figs. 17 to 22, a channel protection type 

active matrix substrate of the transverse electronic field 
system according to a fourth embodiment of the present invention, 
and a manufacturingmethod therefor, are explained. Fig. 1 7 i s a 
circuit diagram of an active matrix substrate for the liquid 

25 crystal display device of the TN sy s t em, acco r d i ng to the fourth 
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embodiment of the present invention. Figs. 18 to 21 are top plan 
views showing the manufacturing process for an active matrix 
substrate and particularly showing an extracted sole pixel. 
Fig. 22 is a cross-sectional view for illustrating the 
5 manufacturing process for the active matrix substrate and 
specifically is a cross-sectional view taken along line E-E 1 in 
each of F i gs. 1 8 to 21 . 

The present embodiment differs from the above-described 
first embodiment in that, in the present embodiment, the 

10 manufacturing method of the present invention is applied to an 
active matrix substrate of the lateral electrical field system 
in which the liquid crystal orientation is controlled by the 
electrical field between the comb-shaped common electrode and 
the pixel electrode. The basic manufacturing method of the 

15 present embodiment is otherwise the same as that of the above- 
described first embodiment. 

Referring to Figs. 18 to 22, the manufacturing method for 
the active matrix substrate of the lateral electrical field 
system is explained. First, a gate electrode layer 102, 

20 comprised of a layered structure of an underlying metal layer of 
Cr, Ti or Mo, and Al, a gate insulating film 103 of e.g., SiNx, 
and an a-Si layer 104 which becomes a semiconductor layer, are 
sequentially deposited on a transparent insulating substrate 
101 of, for example, glass. Then, using a first mask, a resist 

25 pattern is formed in an area which later becomes the gate 



electrode, gate bus line 1 and the common electrode 13, and the 
portions of the gate electrode layer 102, gate insulating film 
103 and the a-Si layer 104, not covered with the resist pattern, 
are removed on dry etching, as shown in Figs. 18 and 22(a). 

i 

r 

Then, plural gate bus lines 1 and the comb-shaped common 
electrode 13 arranged between these gate bus lines 1 are formed. 
Part of the gate bus lines 1 operates as the gate electrode 2. 

The first passivation film 105 of, for example, SiNx, is 
then formed by, for example, the plasma CVD method, on the entire 
surface of the transparent insulating substrate 101, while the 
underlying metal layers of Ti, Cr or Mo, which later become the 
drain electrode layer 106, and the layered film of, for example, 
Al, are formed e.g., by sputtering thereon. Then, using a 
second mask, the drain bus line 4 and the pixel electrode 11 are 
formed, as shown in Figs. 19 and 22(b). 

It is noted that the drain bus lines 4 are extended in a 
direction intersecting the gate bus lines 1 and are branched on 
the first passivation' film 105 between the gate bus lines ! and 
the common electrode 13. The pixel electrodes 11 are arranged 
between the plural drain bus lines 4 and are comb-shaped. 

A second passivation film 107 of, for example, Si0 z , then is 
formed on the entire substrate surface. Then, using a third 
mask, a source opening 7 in the upper port ion of the a - S i layer 
104, a drain electrode layer 6, slits 8 on the gate bus lines 1 
and a contact hole in an upper portion of each of the drain bus 



line 4 and the pixel electrode 11, are formed as shown in Figs. 20 
and 22 (c) . 

For achieving ohmic connection to the a — S i layer 104, 
phosphorous is diffused into the a-Si layer 104 in the PH 3 plasma 
5 atmosphere to form a n + layer on the surface of the a-Si layer 104. 
Then, an I TO film 108, which later becomes the pixel electrode 11, 
is deposited on the entire surface of the substrate 101. Using 
a fourth mask, pre-set interconnection is forme l d, as shown in 
Fig. 21. Finally, the a-Si layer 104 and the gate insulating 
10 film 103 are removed on dry etching, using the IT0 film 108 as a 
mask, to complete the active matrix substrate configured as 
shown in F i g. 22 (d) . 

It is noted that the pre-set interconnection interconnects 
the a-Si layer 104 and the pixel electrodes 11 through the source 
15 opening 7 and the contact hole 5, while interconnecting the a- 
Si layer 104 and the drain bus lines 4 through the drain opening 
6 and t he contact hole 5. 

In the present embodiment, the a-Si layer 104 and the gate 
insulating film 103 are again etched off at the time of etching 
20 to separate the a-Si layer 104 from one TFT to another. 

In the present embodiment, the active matrix substrate used 
in the liquid crystal display device of the TN system may be 
manufactured by no more than four masks so that the process can 
be simpler at least by one PR than with the conventional 
25 manufacturing method. 



Moreover, by increasing the film thickness of the first and 
second passivation films, by suitably changing the film forming 

p' 

conditions for Si0 2 , or by layering films of different film 
quality, as in the above-described second embodiment, it is 
5 possible to realize substrate p I anar i zat i on. 

It is noted that there is an additional capacity 18 which is 
formed by an overlapping layer configuration at marked area 19 
(Fig. 19) between the common electrode 13 and the pixel electrode 
11. The capacity 18 is not shown in Fig. 17, which can be ideally 
10 realized by a purely intermeshing comb-shaped arrangement of 
both the electrodes 13 and 11 without overlapping. 
Embodiment 5 

A channel protection-type active matrix substrate of the TN 
system, according to a fifth embodiment of the present invention, 

15 and the manufacturing method therefor, are explained by 
referring to Figs. 23 to 34. Fig. 23 is a communication diagram 
of the active matrix substrate according to the fifth embodiment 
of the present invention and Figs. 24 to 27 are upper plan views 
schematically showing the manufacturing process of the active 

20 matrix substrate according to the fifth embodiment of the 
present invention and particularly showing its sole pixel. 
Figs. 28 and 29 are cross-sectional views schematically showing 
the 'ma nil fact uririg process for explaining the method for forming 
the gate bus lines and the gate electrodes employing stepped 

25 photoresists used in the present embodiment, with the cross- 



section being taken along line H-H' in Fig. 24. Fig. 30 is a 
cross-sectional process diagram showing the manufacturing 
process of the active matrix substrate according to the fifth 
embodiment of the present invention, with the cross-section 
5 being taken along line F-F' in Fig. 27. Figs. 31 to 33 are 
cross-sectional process diagrams showing the manufacturing 
process for the gate terminal, drain terminal gate storage unit 
(taken along line G-G' of Fig. 2 4) of the active matrix substrate 
of the fifth embodiment of the p r es en t i n vent i on. Fig. 34 is a 

10 cross-sectional view schematical ly showing the structure of the 
gate drain connection of the active matrix substrate of the fifth 
embodiment of the present invention. 

The present fifth embodiment differs fr^om the above- 
described first embodiment in that the gate bus lines 1 differ in 

15 cross-section in the" vicinity of the gate electrode 2 branched 
from the gate bus lines 1, in that the manufacturing method is 
used for providing the different cross-sectional shape, and in 
that, in the active matrix substrate of the present embodiment, 
a protective element 22 is provided in the gate terminals 14 and 

20 in the drain terminals 15. The present embodiment is the same as 
the above-described first embodiment in other respects, such as 
in structure, material, film thickness or the manufacturing 
method. 

The active matrix substrate. of the present embodiment has a 
25 structure similar to that of Fig. 1 showing a circuit diagram of 



the first embodiment. In addition, the active matrix substrate 
includes a protective bus line (common bus line) 23 formed 
parallel to the gate bus lines 1 and the drain bus lines 4 in the 
vicinity of the transparent insulating substrate 101, a 
5 protective element 22, realized between the protective bus line 
23 on one hand and the gate terminals 14 and the drain terminals 
15 on the other hand, and a protective terminal unit (common 
potential supplying terminal) 24 for imparting the potential to 
the protective element 22, as shown in the communication diagram 

10 of Fig. 23. The protective element 22 is comprised of a pair of 
diode-connected transistors connected in the forward and 
reverse directions across the respective gate terminals 14 and 
the drain terminals 15 on one hand and the protective bus line 23 
on the other hand. The transistor of the protective element 22 

15 is formed simultaneously in the manufacturing process of the 
transistors 16 of the display area. 

Specifically, the active matrix substrate of the present 
embodiment includes a layered structure, made up of a gate 
electrode layer 102, a gate insulating fi Im 103 and an a-Si layer 

20 104, formed in a substantially overlapping fashion on a 
transparent insulating substrate 101, a first passivation film 
105, formed on the transparent insulating substrate 101 for 
overlying the layered product, a drain electrode layer 106, 
formed on the first passivation film 105 in a direction crossing 

25 the layered product, a second passivation film 107 formed on the 



first passivation film 105 for overlying the drain electrode 
layer 106, a source opening 7 and a drain opening 6, formed in the 
first and second passivation fi Ims 105, 107 for exposing the a-Si 
layer 104, a contact hole 5 formed in the second passivation film 

r 

5 107 for exposing the drain electrode layer 106, a dra i n e I ect rode 
9, formed by an ITO film, deposited on the second passivation 
film 107 for electrically connecting one end of the a-Si layer 
104 to the drain electrode layer 106 through the drain opening 6 
and the contact hole 5, a source electrode 10 formed by an ITO 

10 film formed on the second passivation' film 107 for electrically 
connecting the other end of the a-Si layer 104 through the source 
opening 7, and a pixel electrode 11 formed by an ITO film 108 
formed on the second passivation film 107, having its one end 
connected to the source electrode 10 and its other end extending 

15 to the gate of the neighboring pixel. 

The layered structure, made up of a gate electrode layer 102, 
a gate insulating film 103 and an a-Si layer 104, formed in a 
substantially stacked fashion, correspond to the gate bus lines 
1 and to the gate .electrode 2. The drain electrode layer 106 

20 corresponds to the drain bus lines 4. 

The active matrix substrate of the present embodiment is 
not provided with the slits used in the first to fourth 
embodiments. 

Referring to Figs. 24 to 33, a manufacturing method for an 
25 active matrix substrate of the present embodiment' is explained. 



First, a gate e I ect rode I ayer 102, obtained on layering 
underlying metals, such as Cr, Ti or Mo, and Al, on the 
transparent insulating substrate 101, such as glass, a gate 
insulating film 103 of e.g., SiNx (silicon nitride film) and an 
5 a-Si layer 104, which later serves as a semiconductor laser, are 
sequentially deposited on a transparent insulating substrate 
101 of e. g. , gl ass. 

In the present embodiment, a photoresist film 111 having a 
stepped cross-sectional shape t hen i s formed, using a first mask, 

I i) as shown in Fig. 28(a). The photoresist film 111 is f en meti un the 
a - S i layer 104 so as to have a stepped cross-section, with the 
upper portion of the gate electrode layer 102 operating as the 
gate bus lines 1, being thin in thickness, and with the upper 
portion of the gate electrode layer 102, operating as the gate 

15 electrode 2, branched from the gate bus I ines 1, being thicker in 
thickness, with the gate electrode layer 102 being stepped in 
cross-section. The photoresist film 111, having the stepped 
cross-section, can be formed by the half-tone light exposure 
method. 

20 In the half-tone I i ghf exposure method, a half-tone light 

exposure mask, for example, is used. This half-tone light 
exposure mask has an opaque portion, a portion permitting 
transmission of a certain volume or percentage (e.g., half) of 
light and a portion completely permitting light transmission. 

25 Since the resist portion directly below the opaque portion of 



the mask is not exposed to light, there is formed a thicker 
portion of the photoresist film 111 shown in Fig. 28(a). Since 
the resist portion lying below the mask portion permitting 
transmission of a certain volume of light has a portion of its 
5 film thickness so that a thin portion of the photoresist fi Im 111 
shown in Fig. 28(a) is formed. The resist portion lying below 
the mask portion completely permitting light transmission is 
exposed to light for the entire film thickness so that there is 
formed a portion devoid of the photoresist film 111, as shown in 

10 Fig. 28(a). So, with the half-tone light exposure method, there 
is formed a photoresist film 111 having different film 
thicknesses, that is having a stepped cross-sect i ona I shape. 

The gate electrode layer 102, gate insulating film 103 and 
the a-Si layer 104 of the area not covered with the photoresist 

15 film 111 are then removed by dry etching. This transparent 
insulating substrate 101 is processed with plasma 0 2 to reduce 
the film thickness of the photoresist film 111 to remove the 
portion of the thin photoresist fi Im 1 1 1 above the gate electrode 
layer 102 operating as the gate bus lines 1 to expose the a-Si 

20 layer 104 as shown in F i g. 28 (c) . The a-Si layer 104 and the gate 
insulating film 103 are then removed by dry etching, using the 
remanent photoresist film 111 as a mask, as shown in Fig. 29(a). 
The gate insulating film 103 and the a-Si layer 104 are left on 
the gate electrode layer 102 operating as the gate electrode 2. 

i 

25 In this portion, the layered structure is realized. The 



photoresist film 111 then is removed, as shown in Fig. 29(b), 24 
and 30 (a) . 

The first passivation film 105 of, for example, SiNx, is 
deposited on the entire surface of the transparent insulating 
5 substrate 101, whilst a layered film comprised of underlying 
metal such as Ti, Cr or Mo, which later serves as the drain 
electrode layer 106, and Al, is formed thereon by e.g., the 
sputtering method. The first passivation fi Im 105 is formed on 
the transparent insulating substrate 101 for covering the gate 

10 electrode layer 102 in the gate bus lines 1 and for covering the 
layered product of the a-Si layer 104, gate insulating film 103 
and the gate electrode layer 102 in the gate electrode 2. 

After the film formation, a resist pattern is formed for 
overlying the drain bus lines 4, using a second mask, as shown 

15 in Figs. 25 and 30(b). Then, an unneeded metal layer is removed 
by dry etching to form the drain electrode I a y e r 1 0 6 operating 
as t he d r a i n bus I i nes 4. 

The second passivation fi Im 107 of e. g. , Si0 2 then is formed 
on the entire surface of the transparent insulating substrate 

20 101. Then, using the third mask, a resist pattern for forming 
the source opening? and the drain opening 6 in an upper portion 
of the a-Si layer 104 and the contact hole 5 in an upper portion 
of the drain bus lines 4 is formed, using a third mask, as shown 
in Figs. 26 and 30(c). The second passivation film 107 and the 

25 first passivation film 105 are removed by dry etching to realize 



the source opening 7, drain opening 6 and the pre-set contact 
hole 5. Then, for producing the ohmic connection to the a-Si 
layer 104, the transparent insulating substrate 101 is held in 
the PH 3 plasma atmosphere to diffuse phosphorus into the a-Si 
5 layer 104 to form a n + layer as an upper surface layer. 

The ITO film 108, which serves as the pixel electrodes 11, 
is then formed on the entire surface of the transparent 
insulating substrate 101. Using a fourth mask, unneeded film 
ITO film 108 is wet-etched, to interconnect a source electrode 

10 10 and the pixel electrode 11, as wel l as to interconnect a drain 
electrode 9 and the drain bus line 4, as shown in Figs. 27 and 
30d. So, the active matrix substrate of the structure shown in 
F i g. 30 (d) i s produced. 

If the manufacturing method of the preferred embodiment is 

15 used, the structures of a gate terminal 14, a drain terminal 15 
and a storage capaci tor 18 are as shown in Figs. 31, 32 and 33, 
respectively. It is noted that (a) to (d) of Figs. 31 to 33 show 
cross-sections in the same process steps as those of Figs. 30(a) 
to (d) , respect i ve I y. 

V 

20 In the gate terminals 14, the first and second passivation 

films 105, 107 are etched during the process shown in Fig. 30(c), 
so that, when the surface of the a-Si layer 104 of the layered 
product is exposed, the gate electrode layer 102 is exposed, as 
shown in Fig. 31(c). The ITO film 108 then is deposited, such 

25 as by sputtering, on the entire surface of the transparent 
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insulating substrate 101. The aforement ioned ."fourth mask is 
used so that the ITO film 108 connected to the gate electrode 
layer 102 via the opening is left in the gate terminals 14. This 
completes the drain terminals 15 shown in Fig. 31(d). 

Moreover, in the drain terminals 15, the first and second 
passivation films 1 05, 1 07 are etched by the process shown in 
Fig. 30(c), so that, when the surface of the a-Si layer 104 of 
the layered product is exposed, the drain electrode layer 106 
is exposed, with the second passivation film 107 etched off, as 
shown in Fig. 32(c). The ITO film 108 then is deposited on the 
entire surface of the transparent insulating substrate 101, such 
as by sputtering. The aforementioned fourth mask is used so 
that the ITO film 108 connected to the drain electrode layer 106 
via the opening is left in the drain terminals 15. This completes 
the drain terminals 15 shown in Fig. 32(d). 

After the process shown in Fig. 33(c). the ITO film 108 is 
deposited on the entire surface of the transparent insulating 
substrate 101 in the storage capacitor 18 and unneeded portions 
of the ITO film 108 are wet-etched, using the fourth mask, to 
form the pixel electrodes 11 having one ends extending above the 
gate bus lines 1. This realizes a structure in the storage 
capacitor 18 in which the first and second passivation films 105, 
107 are sandwiched between the gate electrode layer 102 and the 
ITO film 108 operating as a storage capacitance electrode. So, 
in the storage capacitor 18 of the present embodiment, in which 



< 

there exist no a-Si layer nor gate insulating layer, in 
distinction from the first embodiment shown in Fig. 9(d), the 
pixel electrodes 11 are made to face the gate electrode layer 

V 

102 with a narrows spacing in-between. 
5 If the manufacturing- method of the present embodiment is 

used, the structure of the contact portions A to C, shown in the 
circuit diagram of Fig. 23, is as shown in Fig. 34. The 
protective bus lines 23, formed in parallel with the gate bus 
lines 1, are deposited on the transparent insulating substrate 

10 101 simultaneously with and as the same layer as the gate bus 
lines 1, that is simultaneously with and as the same layer as 
the gate electrode layer 102, such that the protective bus lines 
23 formed parallel to the drain bus lines 4 are formed 
simultaneously as and in the same layer as the drain bus lines 

15 4, that is as the drain electrode layer 106. These protect i ve 
bus lines 23 are connected in common at a circuit contact point 
A and connected to protective bus lines 23. Since these 
protective' bus lines 23 are formed in respective different 
layers, there is provided a configuration for interconnecting 

20 the protective bus lines 23. The protective bus line 23, formed 
parallel to the gate bus lines 1, is covered by the first and 
second pass i vat ion films 1 05, 1 07 except the openings, whilst 
the protective bus line 23, formed parallel to the drain bus 
lines 4, is covered by the second passivation film 107, except 

25 the openings. These protective bus I ines 23 are interconnected 



via these openings by the ITO film 108 deposited on the second 
passivation film 107. For the circuit contacts B and C, there 
is employed an interconnecting structure by the ITO film 108. 

» 

That is, such a configuration is used at wiring nodes B and C 
5 Thus the connection portions in the active matrix substrate used 
for interconnecting the wiring of the same layer as the gate 
electrode layer 102 and the wiring of the same layer as the drain 
electrode layer 106 is made via the ITO film 108 as is shown in 
Fig. 34. 

10 Thus, with the present embodiment of the active matrix 

substrate, as in the previous embodiments, there may be provided 
such an active matrix substrate in which the gate electrode 2, 
drain electrode 9 and the pixel electrodes 11 are separated from 
one another by insulating films and in which the surface and the 

15 sidewall sections of the a-Si layer 104 of the layered product 
are covered by the first and second passivation films 1 05, 1 07. 
So, the ITO film 108 may be prevented from contacting the 
lateral surface of the conventional a — S i layer to improve 
long-term rel iabi I ity of the thin-fi Im transistor and the active 

20 matrix substrate into which is built this thin-film transistor. 

Moreover, in the present embodiment, the gate electrode 
layer 102 operating as the gate bus lines 1 is covered by the 
first and second passivation films 105, 107, whilst there is 
provided no a-Si layer nor the gate insulating film, which are 

25 provided in the first to the fourth embodiments. So, the storage 



capacitance of the storage capacitor 18 may be increased by 
formation on the second passivation film 107 with an extension 
over the gate bus I i nes 1. 

In addition, with the present embodiment of the 
5 manufacturing method for the active matrix substrate, as in the 
first embodiment, such a channel protection type active matrix 
substrate may be provided in which the gate electrode 2, drain 
electrode 9 and the pixel electrodes 11 are separated from layer 
to layer by insulating films, by merely four masks, and in which 

10 the surface and the sidewall sections of the a-$i^ layer 104 of 
the layered product are covered by the first and second 
passivation films 1 05, 1 07. In this manner, the process may be 
simplified by at least one PR in the present manufacturing method 
as compared to the conventional manuf ac tur i ng me thod. That is, 

15 the same number of masks as that in the first embodiment suffices 
by having the stepped photoresist film 111 realized by the first 
mask. 

In addition, in the present embodiment, the lTO film 108 
may be realized by the same process not only on the drain 

20 terminals 15 but also on the gate terminals 14. So, different 
wiring layers may be connected by the I TO film 108, as shown in 
Fig. 34. This simultaneously achieves connection of the 
protective element 22 to the respective gate terminals 14 and 
respective drain terminals 15. 

25 Embodiment 6 



Referring to Figs. 35 to 40, the active matrix substrate 
according to the sixth embodiment of the present invention and 
the manufacturing method therefor are explained. Figs. 35 to 38 

■ 

are schematic top plan vi ews for illustrating the manufacturing 
5 process for the active matrix substrate according to the sixth 
embodiment of the present invention and particularly showing a 
sole pixel. Fig. 39 is a schematic cross-sectional view for 
illustrating the manufacturing process for the active matrix 
substrate according to the sixth embodiment of the present 
10 invention and particularly showing the cross-section along I ine 
l-l' of Figs. 35 to 38. Fig. 40 is a schematic cross-sectional 
view for illustrating the manufacturing process for the storage 
capacitor according to the sixth embodiment of the present 

i 

invention, taken along line J-J T of Fig. 35. 

15 The present embodiment differs from the previous fifth 

embodiment in that, in the present embodiment, metal which later 
becomes the capacitance electrode layer 110 is layered via the 
first passivation film 105 at a pre-set location on the gate bus 
lines as in the above-described third embodiment to increase the 

20 capacitance of the storage capacitor 18. In other respects, the 
present embodiment is similar to the above-described fifth 
embod 'i ment. 

Referring to Figs. 35 to 40, the manufacturing method for 
the active matrix substrate of the TN system is explained. 
25 First, a gate electrode layer 102, comprised of underlying 



metals such as Cr, Ti or Mo, and Al, layered together, a gate 
insulating film 103 of e.g., SiNx and an a-Si layer 104 which 
later becomes a semiconductor layer, are sequential ly deposited 
on the transparent insulating- substrate 101, such as of glass. 
5 Then, as in the manufacturing process shown in Figs. 28 and 

29 pertaining to the fifth embodiment, the gate bus lines 1 and 
the gate electrode 2, branched from the gate bus lines 1, are 
realized, using the first mask. It is noted that both the a- 
Si layer 104 and the gate insulating film 103 are removed from 

10 the gate electrode layer 102 operating as the gate bus lines 1, 
whereas the a-Si layer 104 and the gate insulating film. 103 are 
left on the gate electrode layer 102 operating as the gate 
electrode 2 so that the layered structure is here realized. 
Then, on the entire surfaceof the transparent insulating 

15 substrate 101, thefirst passivation film 105 of e. g. , SiNx, and 
a layered film of underlying metal, such as Ti, Cr or Mo, and 
A I , which later becomes the drain electrode layer 106, are 
deposited sequentially. Then, using a second mask, the drain 
electrode layer 106, operating as the drain bus lines 4, is 

20 deposited, as shown in Figs. 36 and 39(b). In the present 

embodiment, as in the third embodiment the capacitance electrode 
layer 110 is deposited above the gate bus line 1 located bet we en 



the neighbor i ng d ra i n bus lines 4 when the drain electrode layer 
106 is deposited. This capacitance electrode layer 110 operates 
25 as the storage capacitance electrode of the storage capacitor 



18 realized between it and the gate electrode layer 102. This 
capacitance electrode layer 110 is effective to improve the 
capac i t y - 

The second passivation film 107, such as of Si02, then is 
5 deposited on the entire surface of the transparent insulating 
substrate 101 and, using a third mask, the source opening 7 and 
the drain, opening 6 in the upper part of the a-Si layer 104, the 
contact hole 5 in the upper part of the a-Si layer 104, and the 
opening for storage capacitance 12 in the upper portion of the 

10 capac i tance e I ect rode layer 110, are realized, as shown in 
Figs. 37 and 39(c). For producing an ohmic connection to the 
a-Si layer 104, phosphorus is diffused into the a-Si layer 104 
in the PH 3 plasma atmosphere to produce a n + layer on the surface 
of the a-Si layer 104. 

15 The ITO film 108, which serves as the pixel electrodes 11, 

is deposited on the enti resurface of the transparent insulating 
substrate 101 and, using a fourth mask, the source electrode 10, 
pixel electrodes 11, drain electrode 9 and the drain bus lines 
4 are interconnected, at the same time as the capacitance 

20 electrode layer 110 and the pixel electrodes 11 are 

interconnected through the opening for storage capacitance 12, 
as shown in Figs. 38 and 39 (d). This realizes the active matrix 
substrate configured as shown in Fig. 39(d). 

The storage capacitor 18, prepared by the method of the 

25 present embodiment, is of a structure shown in Fig. 40. First, 




the a-Si layer 104 and the gate insulating film 103 on the gate 
electrode I ay e r 1 02 operating as the gate bus lines 1 are removed 
in the process of forming the gate bus lines 1 and the gate 
electrode 2 of Fig. 39(a). The first passivation film 105 then 
5 is deposited on the gate electrode layer 102 and, in the process 
of forming the drain electrode layer 106 of Fig. 39(b), the 
capacitance electrode layer 110 is left i n an area of the storage 
capacitor 18. In this manner, such a structure is achieved in 
which only the first-passivation film 105 is sandwiched between 

10 the gate electrode layer 102 and the capacitance electrode layer 
110, without the interposition of the a-Si layer 104, gate 
insulating film 103 or the second passivation film 107, with a 
result that the distance between opposing electrodes can be 
shorter than in the fifth embodiment, with the storage 

15 capacitance being larger than that of the above-described fifth 
embodiment. In the present embodiment, the stored capacity may 
be still larger than that of the first embodiment. 

Thus, with the present embodiment of the manufacturing 
method for the active matrix substrate, as in the previous 

20 embodiments, the gate electrode layer 102, drain electrode layer 
106 and the pixel electrodes 11 are separated, from layer to 

i 

layer, by only four masks, thus realizing a channel protection 
type active matrix substrate having the I TO film 108 as the 
topmost layer, thus simplifying the manufacturing process at 
25 least by one PR as compared to the conventional process. 



Moreover, since the capacitance electrode layer 110 is formed 
simultaneously in the production process of the drain electrode 
layer 106, whilst the opening for storage capacitance 12 
interconnecting the capacitance electrode layer 110 and the 
5 pixel electrodes 11 is formed simultaneously in the same 
production step as the source opening 7 and the drain opening 
6, the storage capacitance in the storage capacitor 18 can be 
larger than that in the fifth embodiment merely by changing the 
mask pattern without increasing the number of masks. 

10 Moreover, in the present embodiment, as in the fifth 

embodiment, the ITO film 108 can be formed by the same step not 
only in the drain terminals 15 but also in the gate terminals 
14. That is, the gate terminals 14 can be realized as in the 
manufacturing process shown in Fig. 31, whilst the drain 

15 terminals 15 can be realized as in the manufacturing process 
shown in Fig. 32. This enables interconnection of different 
wiring layers to the ITO film 108 and hence the interconnection 
of the protective element 22 to the respective gate terminals 
14 and drain terminals 15. 

20 It is also possible to increase the film thickness of the 

first or second passivation film, to provide an organic 
inter-layer film, to change the film forming conditions of Si0 2 
or to use a layered structure of plural films of different film 
qua I i t i es. 

25 Embodiment 7 




I 



Referring to Figs. 41 to 55, an active matrix substrate 
according to a seventh embodiment of the present invention and 
a manufacturing method therefor, are hereinafter explained. 
Figs. 41 to 46 are top plan views schematically showing the 
5 manufacturing process for the active matrix substrate according 
to the seventh embodiment of the present invention and 
particularly showing a sole pixel. Figs. 47 and 48 are 
cross-sect iona I views for illustrating the manufacturing 
process of the active matrix substrate according to the seventh 

10 embodiment of the present invention and specifical ly showing the 
cross-section taken along line K-K' in. Figs. 41 to 46. Figs. 49 
and 50 are cross-sectional views schematically showing the 
manufacturing process for the gate terminal unit, whilst Figs. 51 
and 52 are cross-sectional views schematically showing the 

15 manufacturing process for the drain terminal unit nd Figs. 53, 
54 are cross-sectional views schematically showing the 
manufacturing process for the gate storage capacitor unit, taken 
along line L-L' of Fig. 41. Fig. 55 is a cross-sectional view 
schematically showing the structure of the gate-drain 

20 interconnection of the active matrix substrate according to the 
seventh embodiment of the present invention. 

In the active matrix substrate of the present embodiment, 
a color filter layer and a black matrix are provided further. 
In the active matrix substrate of the first to seventh 

25 embodiments, the color filter layer for realizing the color 



» 

liquid crystal display device is provided on an opposite side 
substrate adapted for holding the liquid crystal with the 
substrate, despite the difference as to the TN and input signal 
systems. In the present embodiment, the present invention is 
5 applied to an active matrix substrate of the so-called color 
f i Iter on TFT (COT) . 

Referring to Figs. 41 to 48, the manufacturing method for 
the active matrix substrate of the TN system having the COT 
stricture is explained. On the transparent insulating 
10 substrate 101 e.g., of glass, the gate electrode layer 102, 
obtained on layering under I y i ng meta I , such as Cr, Ti or Mo, and 
Al f gate insulating film 103 of e. g. , SiNx and the a~Si layer 
104 which serves as a semiconductor layer, are deposited 
sequent i a I I y. 

15 By the manufacturing process shown in Figs. 28 and 29, as 

in the fifth embodiment, the gate bus line 1 and the gate 
e\ectrode 2 branched from the gate bus lines 1 are formed by the 
manufactur i ng process shown in Figs. 28 and 29, using the first 
mask, as shown in Figs. 41 to 47(a). The a-Si layer 104 and the 

20 gate insulating fi Im 103 are then removed from the gate electrode 
layer 102 operating as the gate bus lines 1. The gate insulating 

film 103 and the a-$i layer 104 are left on the gate electrode 

~ \ 

layer 102 operating as the gate electrode 2. In this portion, 
the layered product is realized. 
25 The first passivation film 105 of, for example, SiNx, and 



r 

a layered film of underlying metal, such as Ti, Cr or Mo, and 
A I , operating as the drain electrode layer 106, are sequentially 
deposited on the entire surface of the transparent insulating 
substrate 101. Then, using the second mask, the drain electrode 
5 layer 106 operating as the drain bus I ines 4, is formed, as shown 
in F i gs. 42 and 47 (b) . 

Then, color filter layers 112 are formed in pixel areas 
surrounded by neighboring gate bus lines 1 and neighbo ring drain 
bus I i nes 4. 

10 A red layer 20R, a green layer 20G and a blue layer 20B are 

then formed in this order. Subsequently, a black matrix is 
formed. Four masks are used for forming color layers. 

Then, a planarizing film 114 is formed for covering the 
color layer 112 and the black matrix 113 on the entire surface 

15 of the transparent i nsu I at i ng subs t rat e 101. This planarizing 
film 114, may be formed of an organic material, for example, an 
acrylic resin, BCB (benzocyc lobutene) or polyimide. These 
organic materials may be deposited to planarize the substrate, 
as shown i n F i g. 48 (a) . 

20 Then, using a third mask, the source opening 7 and the drain 

opening 6 in the upper portion of the a-Si layer 104, the contact 
hole 5 in the upper portion of the drain bus lines 4 are formed, 
as shown in Figs. 45 and 48(a). The source opening 7 and the 
drain opening 6 are formed for passing through a black matrix 

25 113 and a passivation film 105. The contact hole 5 in the drain 



bus line 4 is formed through a p I an a r i z i ng f i I m 114 and the 
passivation film 105. For producing an ohmic connection to the 
a-Si layer 104, phosphorus is diffused into the a-Si layer 104 
in the PH 3 plasma atmosphere to produce a n* layer on the surface 
5 of the a-Si layer 104. 

The ITO film 108, which serves as the pixel electrodes 11, 
is deposited on the entire surface of the transparent insulating 
substrate 101 and, using a fourth mask, the source electrode 10, 
pixel electrode 11, drain. electrode 9 and the drain bus line 4 
10 are interconnected, at the same time as the capacitance 
e I ec t rode I aye r 110 and the pixel electrodes 11 are 
interconnected, as shown in Figs. 46 and 48(d). This realizes 
the active matrix substrate of the COT structure shown in 
Fig. 39(b). 

15 If the method of the present embodiment is used for 

t 

manufacture, the gate terminals 14, drain terminals 15 and the 
storage capacitor 18 are of a structure as shown in Figs. 49, 50, 
5 1, 52, 53 and 54. It is noted that Figs. 49, 51 and 53(a) to 
(d) show cross-sections in the same process step as those in 
20 Figs. 47(a) to (d) , whereas Figs. 50, 52 and 54(a) to (d) show 
cross-sections in the same process step as those in Figs. 48(a) 
and (b). 

In the gate terminals 14, the planarizing film 114 and the 
first passivation film 105 are etched at the step shown in 
25 Fig. 50(a) to expose the gate electrode layer 102. The ITO film 



108 is then deposited, such as by sputtering, on the entire 
surface of the transparent insulating substrate 101. Using the 
above-mentioned fourth mask, the ITO film 108, connected to the 
a-Si layer 104, is left in the gate terminals 14 through its 
5 opening. This completes the gate terminals 14 shown in 
Fig. 50 (b) . 

As for the drain terminals 15, the planarizing film 114 is 
etched at the step shown in Fig. 52(a) to expose the drain 
electrode layer 102. The ITO film 108 is then deposited, such 

10 as by sputtering, on the entire surface of the transparent 
insulating substrate 101. Using the above-mentioned fourth 
mask, the ITO film 108, connected to the a - S i layer 104, is left 
in the drain terminals 15 through its opening. This completes 
the drain terminals 15 shown in Fig. 52(b). 

15 The storage capacitor 18 produced by the method of the 

present embodiment is of a structure shown in Figs. 53 and 54. 

First, in the process of producing the gate bus lines 1 and the 
gate electrode 2 of Fig. 53(a), the a-Si layer 104 and the gate 
insulating film 103 on the gate electrode layer 102 operating 

20 as the gate bus lines 1 are removed. The black matrix 113 is 
formed in the step of forming the black matrix 113 of Fig. 53d 
after depos i t i ng the first passivation film 105 on the gate 
electrode layer 102, forming the color layer 112 on the first 
passivation film 105, and removing the color layer 112 on the 

25 gate electrode layer 102. The planarizing fi Im 114 then is formed, 



as shown i n Fig. 54(a) and the pixel electrodes 11 by the I TO film 
108 are formed, as shown in Fig. 54(b). Thus, in the storage 
capac i tor. 18, the pixel electrodes 11 and the gate bus lines 1 
face one another on both sides of the planarizing fi Im 114, black 
matrix 113 and the first passivation film 105 to constitute a 
storage capac i tance. 

Thus, with the manufacturing method for the active matrix 
substrate of the present embodiment, the gate electrode layer 
102, drain electrode layer 106 and the pixel electrodes 11 are 
separated from layer to layer by merely four masks, as in the 
previous embodiments, to realize a channel protection type 
active matrix substrate having the ITO film 108 as the topmost 
layer to simplify the manufacturing process by at least one PR 
as compared to the conventional manufactur i ng method. Moreover, 
the storage capacitance of the storage capacitor 18 can be larger 
than that in the fifth embodiment by simply changing the mask 
pattern w i t hou t i n c r eas i ng the number of masks. 

Moreover, in the present embodiment, as in the fifth 
embodiment, the ITO film 108 can be formed not only in the drain 
terminals 15 but also in the gate terminals 14 by the same process 
That is, the gate terminals 14 can be realized as in the 
manufac tu r i ng process shown in Fig. 31, as in the fifth 
embodiment (see Figs. 49 and 50), whilst the drain terminals 15 
can be realized as in the manufacturing process shown in Fig. 32 
(see Figs. 51 and 52). This real izes connection of the different 




I 



interconnection layers at the I TO film 108, as shown in Fig. 34. 

Moreover, the film thickness of the first and second 
passivation films may be increased, an organic inter-layer film 
may be formed, the film-forming condition may be changed or the 
5 films of different film qualities may be layered to effectuate 
p I anar i zat i on, as in the second embodiment described above. 
Embodiment 8 

An active matrix substrate according to a seventh 
embodiment of the present invention, and a manufacturing method 

10 therefor, are now explained. The present embodiment differs 
from the above-described seventh embodiment in that metal as a 
capacitance electrode layer is deposited through a passivation 
film at a pre-set location on the gate bus line as in the sixth 
embodiment to increase the capacitance of the storage capacitor 

15 (see Figs. 36 and 40 for reference sake). In other respects, the 
present embodiment is similar to the above-described seventh 
embodiment (see Figs. 53 and 54 for reference sake). 

In the present embodiment, as in the third and sixth 
embodiments, a capacitance electrode layer is formed 

20 simultaneously with the formation of the drain electrode layer 
operating as the drain bus line (see Figs. 36 and 40 for reference 
sake). This capacitance e I ec t rode I ayer operates as a storage 
capacitance electrode of the storage capacitor realized between 
it and the gate electrode layer. 

25 Then, the black matrix and the planarizing film then are 



formed on the substrate in the same manner as in the seventh 
embodiment (see Figs. 53 and 54 for reference sake). An opening 
for storage capacitance 12 is formed when forming the source 
opening and the drain opening in an upper portion of the a-Si 
layer and the contact hole in an upper portion of the drain bus 
line, using the third mask (see Fig. 37 for reference sake). 

An ITO film, which later serves as the pixel electrodes, 
is deposited on the entire subst rate surf ace and, using a fourth 
mask, the source electrode is connected to the pixel electrode, 
the drain electrode is connected to the drain bus line and the 
capacitance electrode layer is connected to the pixel electrode 
via the opening for storage capacitance. This realizes an 
active matrix substrate of the present embodiment. 

In the storage capacitor prepared in accordance with the 
present embodiment, the a~Si layer and the gate insulating film 
on the gate electrode layer operating as the gate bus line are 
removed in the process of producing the gate bus line and the 
gate electrode. The capacitance electrode layer is left in an 
area of the storage capacitor during the process of depositing 
passivation film on the gate electrode layer to form the drain 
electrode layer. This realizes a structure in which only the 
passivation film 105 is sandwiched between the gate electrode 
layer and the capacitance electrode layer, without 
interposition of the a - S i layer and the gate insulating film, 
thus shortening the distance between the opposing pair- 



electrodes as compared to that in the seventh embodiment to 
realize a storage capacitance larger than in the seventh 
embodiment. 

According to the present embodiment of the manufacturing 
5 method of the active matrix substrate, there may be provided a 
channel protected type active matrix substrate in which the gate 
electrode layer, drain electrode layer and the pixel electrodes 
are separated on the layer basis with merely four masks and in 
which the ITO film is arranged as the topmost layer, as in the 

10 above-described embodiments, thus simplifying the 

manufacturing method by at least one PR as compared to the 
conventional manufacturing method. Moreover, since the 
capacitance electrode layer is formed simultaneously with the 
drain electrode layer by the same step, and the opening for 

15 storage capacitance interconnecting the capacitance electrode 
layer and the pixel electrodes is formed simultaneously as the 
source opening 7 and the drain opening by the same step, the 
storage capacitance in the storage capacitor can be increased 
ascompared with that in the fifth embodiment merely by changing 

20 the mask pattern without increasing the number of the' masks used. 

In the present embodiment, as in the fifth embodiment, an 
ITO film may be formed not only in the drain terminal 15 but also 
in the gate terminals by the same step. That is, the gate 
terminals can be produced by the manufacturing process shown in 

25 Fig. 31, whilst the drain terminal can be produced by the 



manufacturing process shown in Fig. 32, as in the fifth 
embodiment. This enables different wiring layers to be 
connected at the ITO film, as shown in Fig. 34, while 
simultaneously realizing the connection of the protective 
5 element to the gate terminals 14 and to the drain terminals 15. 
Embodiment 9 

Referring to Figs. 56 to 61, the channe I. pro tec t i on type 
active matrix substrate according to the ninth embodiment of the 
present invention, and the manufacturing method therefor, are 

10 hereinafter explained. Fig. 56 is a circuit diagram of an active 
matrix substrate for a liquid crystal display device according 
to a ninth embodiment of the present invention. Figs. 57 to 60 
are top plan views schematically showing the manufacturing 
process of the active matrix substrate according to the ninth 

15 embodiment of the present invention and particularly showing. one 
pixel. Fig. 61 is a schematic process diagram schematically 
showing the manufacturing process of the active matrix substrate 
according to the ninth embodiment of the present invention taken 
along line M-M ' of Figs. 57 to 60. 

20 The present embodiment differs from the above-described 

fifth embodiment in that the manufacturing method in the present 
embodiment is applied to a lateral electrical field system 
active ma t r i x s u bst rate con f i gu red for con t ro I I i ng the I i qu i d 
crystal orientation by the electrical field across the comb- 

25 shaped common electrode and the pixel electrode. The 



1 



manufacturing method of the present embodiment is basically 
similar to the aforementioned fifth embodiment. 

The active matrix substrate of the present embodiment 
includes, in addition to the configuration similar to that of 
5 Fig. 11 showing the circuit diagram for the fourth embodiment, 
a protective bus line (common bus line) 23 arranged parallel to 
the gate bus lines 1 and the drain bus lines 4, and a protective 
element 22 arranged between the protective bus line 23 on one 
hand and the gate terminals 14 and the drain terminals 15 on the 

10 other hand, as shown in the c i rcu i t d i agr am of Fig. 56. The 
protective element 22 is made up of a pair of transistors, 
connected in a diode configuration in the forward and reverse 
directions across the gate terminals 14 and the drain terminals 
15 on one hand and the protective bus line 23 on the other hand. 

15 The transistors of the protective element 22 are formed 

simultaneously when producing the transistor 16 of the display 
area. 

Referring to Figs. 57 to 61, the manufacturing method for 
the active matrix substrate of the transverse electrical field 

20 system is explained. First, a gate electrode layer 102, 

obtained on layering underlying metals, such as Cr, Ti or Mo, 
and Al, a gate insulating film 103 of e.g., SiNx and the a-Si 
layer 104 as a semiconductor layer, are sequentially deposited 
on the transparent insulating substrate 101 formed e.g., of 

25 glass. 



In the present embodiment, a photoresist film of a stepped 
cross-sectional shape is formed, using a first mask. The 
photoresist film 111 is formed on the a-Si layer 104 so as to 
have a stepped cross-section, with the upper portion of the gate 
electrode layer 102 operating as the gate bus I in e s 1, being thin 
in thickness, with the upper portion of the gate electrode layer 
102, operating as the gate electrode 2, being thicker in 
thickness, with the gate electrode layer 102 being stepped in 
cross- section, and with the upper' portion of the gate electrode 
layer 102 operating as the comb-shaped common electrode 13 being 
thinner in thickness. The photoresist fi Im 111, having the 
stepped cross-section, can be formed by the half-tone light 
exposure method, as in the fifth embodiment. 

The areas of the gate electrode layer 102, gate insulating 
film 103 and the a-Si layer 104, not covered with the photoresist 
film, are removed by dry etching. The transparent insulating 
substrate 101 is processed with 102 plasma to reduce the film 
thickness of the photoresist film to remove thin photoresist 
fi Im overlying the area of the gate electrode layer 102 operating 
as the gate bus lines 1 and the area of the gate electrode layer 
102 operating as the common electrode 13 to expose the a — S i layer 
104. Using the remanent photoresist film as a mask, the a - S « 
layer 104 and the gate insulating film 103 are removed by dry 
etching to produce the plural gate bus lines 1 and the comb- 
shaped common electrode 13 arranged between the plural gate bus 



lines 1 . At this time, the gate insulating film 103 and the a-Si 
layer 104 are left on the gate electrode layer 102 operating as 
the gate electrode 2. Here, the layered structure is produced. 
The photoresist film then is removed, as shown in Figs. 57 and 
5 61 (a) . 

Then, on the entire surface of the transparent insulating 
substrate 101, the gate bus lines 1, comb-shaped common 
electrode 13 and the first passivation film 105 of, for example, 
SiNx, covering the layered structure, are formed by e.g., the 

10 plasma CVD method, whilst a layered film of underlying metals, 
such as Ti, Cr and Mo, and Al, which later servers as the drain 
electrode layer 106, is formed by e.g., sputtering. Then, as 
shown in Figs. 58 and 61 (b), the drain bus lines 4 and the pixel 
electrodes 11 are formed, using the second mask. The drain bus 

15 lines 4 are extended in a direction intersecting the gate bus 
lines 1 and are branched on the first passivation film 105 
between the gate bus lines 1 and the common electrode 13 so as 
to extend to the vicinity of the gate electrode 2. The pixel 
electrodes 11 are comb-shaped and arranged between the plural 

20 drain bus I i nes 4. 

A second passivation film 107 of e.g., Si0 2 , is formed on 
the entire substrate surface. Then, using a third mask, the 
source opening 7 and the drain opening 6 in an upper portion of 
the a-Si layer 104 and a contact hole 5 in upper portions the 

25 drain bus lines 4 and the pixel electrodes 11 are formed, as shown 



in Figs. 59 and 61 (c) . 

For producing an ohmic connection to the a-Si layer 104, 
phosphorus is diffused into the a-Si layer 104 to produce a n f 
layer on the surface of the a-Si layer 104, as in the previous 
5 embodiment. An ITO film 108 is deposited on the entire surface 
of the transparent insulating substrate 101 and, as shown in 
Fig. 60, the a-Si layer 104 and the pixel electrodes 11 are 
interconnected through the source opening 7 and the contact hole 
5, using a fourth mask, as shown in Fig. 60, to complete a pre-set 
10 wiring connection interconnecting the a-Si layer 104 and the 
drain bus lines 4 through the d6 and the contact hole 5. This 
realizes an active matrix substrate of a structure shown in 
Fig. 61 (d) . 

If the method of the present embodiment is used, the circuit 
15 contacts (nodes) A, B and C shown in the circuit diagram of Fig. 56 
are of a structure shown in Fig. 34, as explained in connection 
with the fifth embodiment. The circuit contacts A, B and C are 
interconnected by the ITO film 108 formed on the second 
passivation film 107. So, in the present embodiment, the 
20 portions of the active matrix substrate interconnecting the 
wiring of the- same layer as the gate. electrode layer 102 and the 
wiring of the same layer as the drain electrode layer 106 are 
interconnected by the ITO film 108 shown in Fig. 34. 

So, in the manufacturing method of the present embodiment, 
25 the activematrix substrate used in the liquid crystal display 



device of the transverse electrical field system can be produced 
by only four masks, thus simplifying the process by at least one 
PR (photoresist masking) as compared to the conventional 
manufacturing method. 
5 Moreover, in the present embodiment, the I TO film 108 can 

be formed by the same process not only the drain terminals 15 
but also the gate terminals 14 as in the fifth and sixth 
embodiments. That is, the gate terminals 14 can be formed by 
the manufacturing process shown in Fig. 31, whilst the drain 

10 terminals 15 can be formed by the manufacturing process shown 
in Fig. 32, as in the above-described fifth and sixth embodiments. 
This enables different wiring layers to be connected at the I TO 
film, as shown in Fig. 34, while simultaneously realizing the 
connection of the protective element to the gate terminals 14 

15 and to the drain terminals 15. 

In addition, with the active matrix substrate of the 
present embodiment, the gate bus lines 1 and the common electrode 
13 are covered by the first passivation fi Im 105, whi 1st the a - S i 
layer 104 and the gate insulating film 103 are removed. So, the 

20 first passivation film 105 is improved in planarity in the 
vicinity of the common e I ec t rode 13 as compared to that in the 
fourth embodiment. The comb-shaped common electrode 13, formed 
on the firs t pass ivation film 105, thus improved in planarity, 
is improved further in long-term reliability. Since the entire 

25 surface of the active matrix substrate can be improved in 



pianarity as compared to that in the fifth embodiment, it is 
possible to improve control I abi I i ty of the orientation of the 
I iqu i d crystal. 

It is also possible to improve the film thickness of the 
5 first and second passivation films, to change the film-forming 
condition of Si0 2 or to laminate plural films of different film 
qualities to realize the pianarity. 

Although the embodiments and preferred embodiments of the 
present invention have been explained in the foregoing, the 
10 present invention is not limited to these embodiments and can 
be modified withoutdeparting its scope. For example, although 
an ITO film is used as a transparent pixel electrode in the 
above-described embodiments, ZnO, that is a compound employing 
SnO in place of Sn in ITO, may also be used. 
15 The meritorious effects of the present invention 

are summarized as follows. 

With the active matrix substrate of the present invention, 
in which the gate electrode, drain electrode and the pixel 
electrodes are separated from one another. On the other hand, 

* _ 

20 the layer basis by insulating films, and the surface as well as 
lateral sides of the a — S i layer of the layered structure are 
covered by the first and second passivation films, as described 



above, the ITO film may be prevented from contacting the lateral 
side of the a-Si layer, in a manner different from the 
25 conventional system, thus improving the long-term reliability 



of the thin film transistor and the active matrix substrate in 
which is built the thin film transistor. Moreover, if the 
active matrix substrate is realized as a liquid crystal display 
device, the liquid crystal material can be prevented from 
contacting the conventional a-Si layer. 

With the manufacturing method according to the present 
invention, as described above, it is possible to prepare a 
channel protection type active matrix substrate in which the 
gate electrode, drain electrode and the pixel electrode are 
isolated from layer to layer by insulating films by solely four 
masks and in which the a - S i layer is completely covered by a 
channel protection film, while it is also possible to realize 
low production cost of the active matrix substrate. 

The reason is that the gate electrode layer, gate 
insulating film and the a-Si layer are formed in succession and 
etched collectively using the same mask, while the a-Si layer 
and the gateinsulating fi Im are etched using the pixel electrode 
film as a mask to enable the number of process steps to be 
decreased as well as to enable the a-Si layer to be covered 
completely by the first and second passivation films. 

In the manufacturing method according to the present 
invention, an inorganic inter-layer film, such as Si0 2 > and an 
organic inter-layer film of, for example, an acrylic resin, are 
layered together to form a second passivation film to diminish 
the TFT step difference to render uniform the state of 



orientation of the liquid crystal sandwiched between the 
substrates. Moreover, not on I y the active matrix substrate of 
the vertical electrical field system but also the active matrix 
substrate of the transverse electrical field system can be 
5 produced in accordance with the manufacturing method according 
to the present invent ion. 

It should be noted that other objects, features and aspects 
of the present invention will become apparent in the entire 
disclosure and . t ha t modifications may be done without departing 
10 the gist and scope of the present invention as disclosed herein 
and claimed as appended herew i th. 

Also it should be noted that any combination of the 
disclosed and/or claimed elements, matters and/or items may fall 
under the modifications aforementioned. 



